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I.  INTRODUCTION 


THE  SNETTISHAM  PROJECT 

The  Snettisham  Hydroelectric  Project  was  constructed  by  the  Alaska  District  of  the  U.S. 
Army  Corps  of  Engineers.  The  project,  located  28  air  miles  southeast  of  Juneau  (see 
Figure  A-l),  is  operated  by  the  U.S.  Department  of  Energy,  Alaska  Power  Administration, 
and  primarily  serves  the  purpose  of  supplying  electric  power  to  the  growing  cities  of 
Juneau,  Douglas,  and  Auke  Bay,  Alaska. 

The  project  area  has  a  marine  climate  with  cool,  wet  summers  and  mild  winters. 
Precipitation  at  the  site  averages  about  130  inches  per  year,  and  snowfall  depths  range 
up  to  10  ft  at  sea  level. 

The  area  is  unpopulated  except  for  approximately  15  year-round  personnel  who  operate 
the  Alaska  Power  Administration  hydropower  plant  and  the  Alaska  Department  of  Fish 
and  Game  fish  hatchery.  The  hatchery  uses  the  tailwater  from  the  plant. 

FIRST  STAGE  DEVELCPMENT 

The  first  stage  of  the  Snettisham  Project  included  the  development  of  the  following 
facilities  at  Long  Lake; 

o  An  8,000-ft  power  tunnel 
o  A  1,600-ft  steel-lined  penstock 
0  An  underground  powerhouse 

o  Two  turbines  and  generators  with  a  total  installed  capacity  of  47,160  kW 
o  43.6  mi  of  transmission  line  to  carry  power  to  Juneau 


This  stage  of  the  construction  began  in  1967,  and  the  first  power  was  delivered  in  1972. 


SECOND  STAGE  DEVELOPMENT 


The  second  stage  of  the  Snettisham  Project  was  the  development  of  Crater  Lake. 
Phase  I 

Phase  I  of  this  project  included  the  construction  of  a  series  of  tunnels  from  the  existing 
powerhouse  to  the  vicinity  of  Crater  Lake.  Contract  DACW85-84-C-0016  for  $5,538,000 
was  awarded  on  28  September  1984  to  South  Coast,  Inc.,  of  Ketchikan,  Alaska.  The 
main  features  of  the  contract,  as  let,  included  the  construction  of  6,772  lin.  ft  of  10.5- 
ft-diameter,  essentially  unlined,  power  tunnel.  Later  contract  modifications  increased  the 
total  contract  to  $7,125,679  and  provided  for  the  following; 

o  Expanding  the  penstock  section  to  14  ft  high  by  20  ft  wide 
o  Extending  the  penstock  to  the  existing  powerhouse 
o  Excavating  the  40-ft-long  surge  tank  adit 
0  Excavating  the  powerhouse  machine  shop  and  its  adit. 

Notice  to  proceed  was  issued  on  18  October  1984,  and  Phase  I  of  the  work  was 
completed  on  28  October  1985. 

Phase  II 

Phase  II  of  the  Crater  Lake  Stage  was  awarded  to  Pacific  Ventures  Inc.,  Bellevue, 
Washington,  on  6  August  1986  for  $22,272,079.50  and  included  construction  of  the 
following; 

o  A  990-ft  unlined  surge  shaft 

0  A  251 -ft  concrete-lined  gate  shaft 

o  An  access  adit  to  the  gate  shaft 

o  A  690-ft  extension  of  the  power  tunnel  to  the  lake  tap 
with  three  widened  sections  for  rock  traps 

0  A  lake  tap  excavation. 
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Also  included  in  the  contract  was  the  installation  of  896  ft  of  6-ft-diameter  steel  penstock 
and  a  third  generation  unit,  which  increased  the  capacity  by  31,000  kW. 

The  power  tunnel  was  filled  in  April  of  1989  and  the  Crater  Lake  Unit  conducted  test 
operations  beginning  in  May.  Shortly  thereafter  the  unit  was  shut  down  for  remedial 
repairs  and  started  up  on  20  October  1989  to  supply  firm  power  to  the  system.  The 
location  and  details  of  the  work  done  under  Phases  I  and  II  are  shown  in  Figures  A- 
1  through  A-16,  and  photos  of  specific  features  and  activities  during  the  construction 
of  the  Crater  Lake  Phase  are  shown  in  Appendix  C. 

THE  FOUNDATION  REPORT 

This  foundation  report  discusses  the  important  geologic  features  and  methods  used  to 
construct  the  Crater  Lake  Stage  of  the  Snettisham  Hydroelectric  Project.  The  report 
was  prepared  in  accordance  with  U.S.  Army  Corps  of  Engineers,  ER1 110-1801, 
Construction  Foundation  Reports,  dated  15  December  1981,  including  Changes  1  and 
2. 

Detailed  information  on  the  preconstruction  geologic  explorations  and  investigations  for 
the  Crater  Lake  Stage  of  the  Snettisham  Project  can  be  found  in  the  following  design 
memorandum:  Crater  Lake  Phase.  Design  Memorandum  No,  26  (Revised).  1984,  U.S. 
Army  Corps  of  Engineers,  Alaska  District.  The  designers  of  the  underground 
excavations  were  Mr.  James  L.  Williamson  and  Mr.  Patrick  J.  Galbraith,  U.S.  Army 
District,  Alaska,  Geology  Section. 

This  report  was  prepared  by  LACHEL  HANSEN  &  Associates,  Inc.  (LH&A),  now 
LACHEL  &  Associates,  Inc.  (L&A),  Golden,  Colorado.  Included  in  the  L&A  scope  of 
work  were  Title  II  construction  management  services,  geologic  mapping,  inspection, 
quality  control  review,  designation  of  ground  support  areas,  instrumentation,  and  review 
of  the  contractor’s  construction  methods. 
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A  Foundation  Report  covering  only  the  Crater  Lake  Phase  I  excavations  was  prepared 
by  LH&A  in  1968.'  Data  from  that  report,  which  is  available  from  the  Alaska  District  of 
the  Corps  of  Engineers,  have  been  included  in  this  report. 


For  the  Corps  of  Engineers,  the  Resident  Engineer  was  Mr.  James  R.  Volz,  the  Project 
Engineers  were  Mr.  William  Creger  and  Ms.  Patricia  Opheen,  and  the  Quality  Assurance 
Representative  was  Mr.  Keith  Boaz  for  Phase  I  and  Mr.  Terry  Witherspoon  for 
Phase  il. 

For  LH&A,  the  geologic  and  tunnel  engineering  field  work  was  provided  by  Mr.  Dennis 
J  Lachel  and  Mr.  John  C  Bowman  for  Phase  I,  and  by  Mr.  Dennis  J.  Lachel  and  Mr. 
Harry  F.  Steeves  for  Phase  II.  Editorial  assistance  was  provided  by  Mrs.  Susan  V. 
Heisler,  Ms.  Mary  Appleby,  and  Ms.  Sandra  Myers. 


LACHEL,  HANSEN  &  Associates  Inc.,  1986,  Foundation  Report.  Snettisham 
Project.  Alaska.  Crater  Lake.  Phase  1:  Power  Tunnel.  Sta.  68  +  50  to  13  +  50. 
Access  Adit.  Penstock.  Machine  Sheo:  Prepared  for  U.S.  Army  Engineer  District, 
Alaska:  Anchorage,  Alaska. 


II.  PROJECT  SUMMARY 


POWER  TUNNEL  AND  ACCESS  ADITS 

The  power  tunnel  for  the  Crater  Lake  Stage  of  the  project  extends  from  the  lake  tap, 
at  Sta.  6  +  60,  to  the  beginning  of  the  penstock  tunnel,  at  Sta.  68  +  75.  From  the  gate 
shaft,  it  is  at  a  constant  grade  of  12.44  percent.  The  power  tunnel  plan,  profile  and 
cross  section  are  shown  in  Figures  A-2  and  A-3.  The  tunnel  cross  section  is  typical 
along  its  length,  except  for  the  widened  areas  used  for  muck  bays  during  construction, 
niches  in  the  side  wall  to  house  transformers,  and  modified  sections  (described  under 
the  heading  "Lake  Tap")  to  provide  rock  traps  for  the  lake  tap. 

A  second  tunnel  with  the  same  cross  section  as  the  power  tunnel  provides  access  from 
the  surface  to  the  service  room  at  the  top  of  the  gate  shaft.  This  service  room  access 
tunnel  is  880  ft  in  length  from  the  portal  entrance  at  Sta.  8+80  to  the  centerline  of  the 
service  room  at  Sta.  0  +  00.  It  is  constructed  at  a  constant  grade  of  0.56  percent, 
starting  at  the  portal  and  ending  at  elevation  1,040  at  the  service  room.  Figure  A-2 
shows  this  feature.  Muck  from  the  service  room  and  its  access  tunnel  was  deposited 
at  the  portal  to  construct  a  helicopter  landing  pad  and  staging  area. 

Access  adits  to  the  penstock  tunnel,  the  surge  shaft,  and  the  machine  shop  were 
completed  under  the  Phase  I  contract. 

PENSTOCK  EXCAVATION 

The  penstock  excavation  begins  at  Sta.  68  +  75,  with  a  transition  area  beginning  at  Sta. 
67+43  where  it  joins  the  power  tunnel  at  invert  elevation  127.08.  It  continues  as  an 
unlined  tunnel  for  898  ft  to  Sta.  77+48,  where  it  intercepts  the  first  stage  (Long  Lake) 
development  penstock  excavation  at  invert  elevation  02.0,  immediately  upslope  from  the 
valve  room  wall.  The  penstock  tunnel  bears  S  59°  36’36"  E  at  its  junction  with  the 
power  tunnel  at  Sta.  67+43.  It  maintains  this  bearing  to  Sta.  76+97.25,  where  it  bends 


5 


on  a  100-ft  radius  to  align  with  the  existing  penstock  excavation  to  the  valve  roonn  at 
Sta.  77  +  48.64.  From  this  point  to  the  valve  room  the  penstock  bears  S  30°  09’11"  E. 
The  grade  of  the  penstock  is  12.437  percent  from  Sta.  68  +  43  to  Sta.  77  +  48.64,  where 
it  flattens  to  0.0  percent  grade.  The  penstock  is  shown  on  Figure  A-2. 

SURGE  SHAFT 

The  surge  shaft  (see  Figure  A-2),  as  initially  designed,  was  to  be  a  vertically  excavated 
10-ft-diameter  shaft  from  an  adit  off  of  the  power  tunnel  at  Sta.  66  +  32.  When 
construction  survey  control  was  being  established  at  the  shaft,  the  daylight  point  was 
found  to  be  in  deep  talus  with  boulders  up  to  15  ft  in  diamater.  To  avoid  excavating 
the  talus  or  removing  it,  the  shaft  was  inclined  4.7°  from  vertical  to  a  surface  intercept 
near  the  location  of  drill  hole  DH-99.  At  the  same  time,  the  excavated  cross  section 
was  changed  to  a  9-ft  square  to  accommodate  the  contractor’s  shaft-excavation 
equipment.  The  unlined,  square,  surge  shaft  has  a  rock  trap  at  its  base,  excavated  to 
elevation  138.38,  and  extends  from  power  tunnel  invert  elevation  143.38  to  the  top  of 
a  vented  concrete  cap  at  elevation  1090.0. 

GATE  SHAFT 

The  gate  shaft,  located  at  Sta.  14+00  of  the  power  tunnel,  is  a  lO-ft  by  12-ft  rectangular 
shaft  that  flares  to  20-ft  by  16-ft  at  its  intersection.  The  power  tunnel  gate  enlargement 
is  at  the  lower  end  of  the  shaft,  and  the  invert  of  the  bottom  of  the  gate  is  at  elevation 
789.0.  The  10-  and  20-ft  dimensions  are  parallel  to  the  power  tunnel  centerline.  The 
gate  shaft  is  flared  at  the  top  to  allow  a  protective  grating  in  the  floor  of  the  service 
room.  This  floor  is  at  elevation  1040.0.  Figure  A-2  shows  the  gate  shaft. 

LAKE  TAP 

The  intersection  of  the  power  tunnel  and  Crater  Lake  was  made  using  what  is 
commonly  called  the  Norwegian  Lake  Tap  Method.  The  technique  involves  excavating 
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the  power  tunnel  to  within  a  few  feet  of  the  bottom  of  the  lake,  in  this  case  under  210 
ft  of  water,  and  blasting  a  hole  into  the  bottom  of  the  lake  with  a  single  excavation 
round.  The  designed  lake  tap  included  three  rock  traps:  primary,  secondary,  and 
tertiary.  Because  of  rock  conditions,  the  alignment,  size,  and  location  of  the  secondary 
rock  trap  had  to  be  changed.  The  plan  of  the  lake  tap  is  shown  in  Figure  A-4.  The 
changes  in  configuration  are  described  in  Section  IV. 
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III.  GENERAL  GEOLOGY 


REGIONAL  GEOLOGY 

Southeastern  Alaska  is  primarily  an  archipelago  of  several  hundred  islands  of  various 
sizes  abutting  a  mountainous  mainland.  The  islands  are  the  tops  of  a  rugged, 
submerged  coastline,  the  result  of  a  geologically  recent  rise  in  the  sea  level.  The  major 
inlets  and  passages  are,  in  fact,  drowned  river  valleys.  These  fjords  were  carved  and 
scoured  by  large  glaciers  moving  westward  out  of  the  mountains  to  the  east.  The 
glaciers  were  thousands  of  feet  thick,  as  attested  to  by  the  fact  that  most  of  the 
mountains  less  than  2,000  ft  high  above  the  present  sea  level  have  been  overridden 
and  their  tops  rounded  off.  The  valleys  are  typically  U-shaped,  and  active  glaciers  are 
found  at  the  heads  of  many  rivers.  Numerous  waterfalls  plunge  into  the  valleys  from 
the  surrounding  peaks,  and  the  valley  bottoms  are  filled  with  moraines,  braided  streams, 
and  alluvial  deposits  composed  of  glacial  detritus. 

The  Snettisham  Project  site  lies  near  the  western  edge  of  a  large,  probably  Cretaceous 
Age,  complex  of  igneous/metamorphic  rock  called  the  Coast  Range  Batholith.  This 
long,  narrow,  mass  of  rock  generally  parallels  the  southeastern  Alaska  coast.  Soil  cover 
on  the  slopes  is  relatively  thin,  and  geologic  weaknesses  in  the  bedrock,  such  as  soft 
or  fractured  rock,  have  been  plucked  and  gouged  by  glacial  action.  The  orientation 
and  alignment  of  major  topographic  features  of  the  region  are  usually  controlled  by 
structural  geologic  features  such  as  fault  zones,  intrusions  or  joint  sets. 

Faulting  in  the  region  is  common,  although  no  evidence  of  recent  faulting  (since  the  last 
glaciation)  has  been  observed  in  the  immediate  vicinity  of  the  project.  At  least  five  great 
earthquakes  with  estimated  Richter  magnitudes  of  7.9  or  higher  have  occurred  within 
300  miles  of  the  Snettisham  Project  (see  Table  I). 
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TABLE  I  Great  Earthquakes  in  the  Snettisham  Project  Area 


Epicenter 

Depth 

Date 

Coordinates 

Maonitude 

XknU_ 

Location 

1899  Sep  04 

60N  142W 

8.5 

unknown 

Near  Cape  Yakataga 

1899  Sep  10 

SON  140W 

8.4 

unknown 

Yakutat  Bay 

1900  Oct  09 

60N  142W 

8.1 

unknown 

Near  Cape  Yakataga 

1949  Aug  22 

53N  133W 

8.1 

25 

Queen  Chanolte  Islands 

1958  Jul  10 

58.6N  173.1W 

7.9 

unknown 

Lituya  Bay 

SITE  GEOLOGY 

The  Snettisham  Project  is  located  at  the  head  of  the  Snettisham  fjord,  near  the  mouth 
of  the  Speel  River.  It  is  an  area  of  steep-sided  mountains  rising  to  heights  of  3,000  ft 
above  the  valley  floor.  The  valley  floor  and  lower  mountain  slopes  are  covered  with 
very  large  coniferous  trees  (mostly  Sitka  spruce)  and  heavy  underbrush.  The  tops  of 
the  mountains  are  generally  bare  rock,  which  has  been  scoured  and  rounded  by 
geologically  recent  ice  sheets. 

Overburden  in  the  project  area  consists  of  thick  deposits  of  glacial  outwash  in  the 
valley  bottoms,  with  superimposed  meandering  streams,  sand  and  gravel  moraines,  and 
recent  alluvial  deposits.  During  the  summer,  the  streams  with  glaciers  at  their 
headwaters  are  heavily  silt-laden.  Some  varved  clays  are  present  near  Second  Lake 
(see  Figure  A-1),  representing  seasonal  deposits  in  a  glacial  lake.  The  overburden 
becomes  thin  as  one  proceeds  up  the  slopes.  In  the  immediate  project  area,  the  tree 
line  is  about  1,000  ft  above  sea  level. 
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The  subsurface  site  geology,  as  it  relates  to  project  features,  is  described  in  the 
following  sections  and  is  shown  on  geologic  profiles  on  Figure  A-5  (power  tunnel). 
Figure  A-6  (penstock),  and  Figure  A-7  (lake  tap  area  and  gate  structure). 

Completed  Explorations 

Subsurface  explorations,  consisting  of  40  NX  and  NQ  core  holes  totaling  8,175.4  lin.  ft, 
were  designed  to  investigate  specific  geologic  features.  The  locations  of  all  completed 
exploratory  core  borings  in  the  vicinity  of  Crater  Lake,  as  well  as  the  log  records  of 
the  drill  holes  are  presented  in  Appendix  F. 

Geologic  Tunnel  Mapping 

All  of  the  underground  excavations  completed  during  this  project  (the  Crater  Lake 
Phase)  were  mapped  for  geology  using  the  full-periphery  geologic  mapping  method. 
The  results  of  this  mapping  are  presented  in  Appendix  B. 

Bedrock  Lithology 

The  bedrock  encountered  in  the  Crater  Lake  tunnels  is  typical  of  the  bedrock 
throughout  the  Snettisham  Project.  The  rock  is  predominantly  quartz  diorite  gneiss. 
Lesser  amounts  of  quartz  diorite  and  biotite-hornblende  schist  are  encountered  in  the 
rock  mass.  Cutting  the  rock  mass  are  dark  gray-green  basalt  dikes  and,  less 
commonly,  granite  dikes.  Small  veins  of  quartz  up  to  4  in.  thick  are  seen  occasionally. 
Mylonitized  zones  are  present  as  alteration  products  in  some  of  the  shear  zones. 

The  quartz  diorite  gneiss  commonly  consists  of  alternating  bands  of  dark  and  light, 
subparallel  layers  of  four  minerals:  quartz,  feldspar,  biotite  mica,  and  hornblende.  The 
light-colored  layers  contain  primarily  equidimensional  quartz  and  feldspar  with  minor 
amounts  of  dark  minerals.  The  darker-colored  layers  are  composed  of  small  plates  of 
biotite  mica  and  tabular  to  prismatic  hornblende,  as  well  as  some  quartz  and  feldspar 
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minerals.  Larger  mica  sheets,  i.e.,  greater  than  1 -inch-diameter,  have  not  been 
encountered.  Pyrite  crystals  are  somewhat  common  throughout  the  rock  mass,  and 
chloritization  has  occurred  near  some  shears.  Petrographic  studies  conducted 
previously  by  the  Corps  of  Engineers  show  that  a  representative  quartz  diorite  sample 
contains  approximately  18  percent  dark  minerals,  of  which  13  percent  is  biotite  and  5 
percent  is  hornblende.  Light-colored  minerals  make  up  79  percent  of  the  sample,  of 
which  60  percent  is  plagioclase  feldspar,  15  percent  is  quartz,  and  4  percent  is 
orthoclase  feldspar.  The  remaining  3  percent  of  the  sample  is  miscellaneous  accessory 
minerals.  The  results  of  laboratory  tests  on  Crater  Lake  rock  core  are  shown  in 
Appendix  H. 

Several  zones,  up  to  50  ft  thick,  with  a  predominance  of  biotite  and  hornblende  minerals 
were  encountered  in  the  tunnels.  The  zones  were  softer  than  the  quartz  dionte  and, 
consequently,  drilling  was  faster  there  than  in  the  quartz  diorite.  Stress-relief  slabbing, 
discussed  in  Section  VII  of  this  report,  usually  takes  place  in  these  biotite-rich  zones, 
probably  because  of  their  inherently  lower  tensile/shear  strength. 

The  gray-green  basalt  dikes  range  in  thickness  from  a  few  inches  to  about  12  ft.  Most 
are  quite  massive,  but  a  few  are  blocky  with  randomly  oriented  fractures,  which  produce 
cube-shaped  blocks  down  to  about  3  in.  on  a  side.  Invariably,  it  appears  that  the 
basalt  was  intruded  along  previously  existing  discontinuities,  both  shears  and  joints,  in 
the  rock  mass.  Because  the  vast  majority  of  the  discontinuities  in  the  tunnel  are  part 
of  the  same  set,  N  25°  to  35°  E,  the  strikes  of  most  of  the  basalt  dikes  are 
approximately  parallel. 

Distinct  zones  of  biotite-hornblende  schist  were  not  encountered  in  the  Crater  Lake 
tunnels. 
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Discontinuities 


The  entire  rock  mass  is  cut  by  numerous  joints,  dikes,  faults  and  shear  zones.  The 
most  striking  aspect  of  the  discontinuity  pattern  at  Snettisham  is  the  overwhelming 
pervasiveness  of  one  fracture  set.  This  set  strikes  N  25°  to  35°  E  and  dips  from  65° 
to  vertical  with  a  southeast  direction  dominant.  A  simple  counting  of  joints  in  several 
areas  of  the  Crater  Lake  power  tunnel  indicated  that  this  fracture  set  outnumbers  all 
others  combined  by  at  least  20  to  1. 

The  Long  Lake  power  tunnel  was  driven  approximately  parallel  to  this  alignment.  In  the 
Crater  Lake  Stage  this  fracture  set  intercepted  the  main  part  of  the  power  tunnel  at  a 
1 5°  to  25°  angle  to  the  alignment.  This  had  two  effects,  one  positive  and  one  negative. 
The  positive  effect  was  that  a  discontinuity  was  typically  first  seen  as  a  minor  feature 
in  the  lower  right  hand  corner  of  the  advancing  face.  The  miners  were  forewarned  of 
conditions  while  the  feature  was  down  low  and  of  little  consequence.  By  the  time  the 
tunnel  advance  d  to  the  point  that  the  condition  was  in  the  crown,  the  miners  knew  what 
the  condition  was,  whether  it  had  water  associated  with  it,  and  what  type  of  ground 
support  would  be  most  appropriate.  The  negative  effect  was  that  the  angle  of 
interception  produced  a  well-developed  "sawtooth"  roughness  pattern  in  the  side  wall 
of  the  power  tunnel.  This  roughness  causes  undesirable  hydraulic  conditions  in  a 
predominantly  unlined  tunnel. 

Most  of  the  discontinuities  encountered  in  the  tunnel  are  joints,  which  are  typically 
planar,  relatively  smooth,  and  tight.  Even  where  a  well-developed  joint  is  seen  in  the 
tunnel  wall,  it  is  usually  impossible  to  insert  a  knife  blade  into  the  continuation  of  the 
plane.  The  majority  of  the  joints  are  probably  more  accurately  characterized  as 
"incipient,"  because  it  is  almost  impossible  to  find  them  in  the  rock  mass.  A  few  of  the 
joints  have  a  chlorite  coating  and  an  even  smaller  number  have  slickensides,  both 
features  indicating  that  small  movements  have  occurred.  Most  of  these  joints  are 
probably  the  result  of  tectonic  activity. 
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A  joint  system  that  has  been  observed  in  the  Snettisham  area,  but  which  was 
encountered  only  in  the  Lake  Tap  area  of  the  Crater  Lake  power  tunnel,  is  the 
unloading  or  stress-relief  joint.  This  type  of  discontinuity,  common  near  the  rock 
surface,  occurs  in  response  to  the  relatively  rapid  removal  of  heavy  loads  imposed  on 
the  rock  surface  by  glaciers.  The  rock  rebounds  from  the  load  elastically,  which 
produces  tensile  stresses  that  fracture  the  rock.  These  joints  have  their  highest 
frequency  close  to  and  parallel  to  the  rock  surface,  and  become  less  frequent  with 
depth,  usually  disappearing  within  tens  of  feet  below  the  surface. 

Shears  are  the  second  most  common  discontinuity  in  the  Snettisham  Project  rock  mass. 
Their  frequency  is  minor  compared  to  that  of  the  joints.  In  the  Crater  Lake  power 
tunnel,  for  example,  there  were  more  than  50  shears  of  varying  width  and  condition,  but 
literally  thousands  of  joints;  however,  they  are  an  important  feature. 

The  shears  range  from  a  single  fracture  with  a  smear  of  clay  gouge  and  alteration  to 
major  shears  with  a  width  of  alteration  and  gouge  approaching  10  ft  thick.  Some  of 
the  shears  contain  broken  and  fractured  rock,  while  others  have  a  thin  clay  gouge  with 
only  a  small  alteration  zone,  less  than  a  few  inches  wide.  One  of  the  most  interesting 
features  of  the  shears  is  how  quickly  the  transition  occurs  from  hard,  intact,  unaltered 
rock  to  the  fractured  rock  and  back  again  to  the  intact  rock.  In  one  instance,  there  is 
a  1 -in. -thick  clay  gouge  zone  and  yet  only  4  in.  away  the  rock  appears  to  be  totally 
unaffected. 

Two  major  shear  zones  consisting  of  several  parallel  and  subparallel  shears  were 
encountered  in  the  Crater  Lake  tunnels.  The  first,  the  Rock  Trap  Shear  Zone,  is 
located  just  up  tunnel  from  the  penstock/power  tunnel  intersection  at  Sta.  68-1-50.  The 
zone  consists  of  five  shears,  with  varying  degrees  of  fracturing  and  alteration,  which 
extend  along  the  tunnel  about  1 20  ft.  Between  the  individual  shears  is  relatively  good 
quality  rock.  Complete  descriptions  of  shears  encountered  in  each  tunnel  are 
presented  in  the  individual  discussions  of  those  tunnels. 


The  second  major  shear  zorie,  the  Hilltop-Cliffside  Shear  Zone,  was  encountered 
upstream  of  the  gate  shaft  between  the  tertiary  and  secondary  rock  traps.  It  consists 
of  a  mylonitized  gouge  core  6  to  more  than  18  inches  wide,  with  an  adjacent,  highly 
fractured,  pegmatitic  zone  up  to  10  ft  wide.  Parallel  and  subparallel  shears  continue 
extensively  on  both  sides  of  the  highly  fractured  zone,  and  a  similar  fractured, 
pegmatitic  zone  exists  upstream  in  the  left  wall  where  the  secondary  rock  trap  was  to 
be  located.  The  design  and  location  of  this  rock  trap  were  changed  because  of 
potential  construction  and  stability  problems  with  this  zone. 

In-Situ  Stress 


In-situ  stresses  within  a  rock  mass  can  result  from  many  factors.  The  obvious  one  is 
the  weight  of  the  overlying  rock.  In  some  cases,  however,  the  stresses  are  greater 
than  that  of  the  rock  cover.  The  higher-than-normal  stresses  can  be  attributed  to  the 
following  factors: 

o  Greater  rock  cover  that  has  been  eroded  away 
o  Stresses  imposed  by  tectonic  forces 
o  Igneous  injection 
o  Glacial  loading. 

It  is  likely  that  all  of  these  factors  influenced  the  in-situ  stress  field  in  the  Snettisham 
area.  However,  glaciation  probably  had  the  most  significant  recent  influence.  Up  to 
5,000  ft  of  ice  probably  covered  the  area  as  recently  as  5,000  years  ago.  The  weight 
of  this  ice  caused  stresses  which  remain  in  the  rock  mass. 

The  most  obvious  effect  of  the  high  stresses  is  the  existence  of  stress-relief  joints  and 
fracture  patterns  in  the  near-surface  rock  exposures.  These  joints  are  typically  parallel 
to  the  rock  surface  and  decrease  in  number  with  depth.  At  Long  Lake,  there  were 
usually  2  or  3  joints  per  ft  at  the  surface,  decreasing  to  1  joint  per  5  ft  at  depths  of 
about  20  ft. 
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During  the  driving  of  the  Crater  Lake  tunnels,  evidence  of  stress  release  was  noted. 
On  a  number  of  occasions,  the  miners  reported  hearing  rock  "pops,"  particularly  during 
the  mucking  cycle  while  they  were  waiting  for  the  load-haul-dump  (LHD)  scooptrams 
to  come  back  up  the  tunnel.  Actual  observances  of  stress  release  were  rare,  especially 
in  the  competent  rock  at  Snettisham  and  under  the  maximum  rock  cover  (about  1 ,000 
ft).  However,  several  occurrences  noted  in  the  tunnel  appear  to  be  stress-related. 

In  certain  sections  of  the  tunnel  where  the  foliation  or  existing  joint  patterns  were 
subparallel  to  the  tunnel,  loosening  of  the  rock  was  apparently  occurring,  particularly 
in  the  nearly  straight  side  walls  of  the  tunnel.  Between  approximately  Sta.  53-I-00  and 
Sta.  57-(-00,  where  the  tunnel  was  under  about  850  ft  of  cover  and  was  approaching 
the  TIingit  Shear  Zone,  the  miners  performed  an  inordinate  amount  of  scaling  on  the 
side  walls.  As  originally  driven,  the  side  walls  were  straight,  however,  stress-relief  joints 
developed  several  tens  of  feet  behind  the  advancing  face,  loosening  the  side  wall  rock. 
The  loose  rock  was  scaled  off,  and  the  result  was  a  more  stable,  circular-shape  tunnel. 

Undoubtedly  the  most  dramatic  effect  of  stress  release  was  seen  on  the  left  wall  of  the 
tunnel  at  Sta.  66  +  75.  At  this  location,  which  is  very  close  to  the  point  where  the 
vertical  rock  cover  is  at  its  maximum  of  990  ft,  numerous  new  stress-relief  fractures 
were  produced  as  the  ground  was  reaching  a  more  stable  configuration.  At  a  contact 
between  a  highly  competent  gneiss  and  a  large  biotite-rich  pod,  new  tension  fractures 
formed  parallel  to  the  tunnel  walls  and  up  to  12  in  long.  Although  most  of  the  slabbing 
occurred  shortly  after  excavation,  new,  smaller  slabs  continued  to  show  up  for  several 
months.  The  pieces  that  have  broken  off  show  tension  fracture  characteristics;  convex 
shapes,  sharp  edges,  and  lack  of  shearing  through  the  mineral  grains.  As  a  result  of 
the  stress-relief  fracturing,  the  left  side  wall  of  the  tunnel  extends  up  to  2  ft  beyond 
the  design  line.  The  biotite-rich  pod  dips  to  the  north  and  is  not  exposed  on  the  right 
wall. 
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IV.  DESIGN  FEATURES 


ORIGINAL  DESIGN  FEATURES 

The  original  design  incorporated  construction  of  a  power  tunnel  and  appurtenances  for 
a  third  generator  in  the  existing  powerhouse  at  Snettisham.  In  the  first  (Long  Lake) 
stage,  the  powerhouse  was  constructed  with  a  third,  unused,  bay  for  this  subsequent 
installation. 

In  the  projects  second  stage,  the  Phase  1  contract  rock  excavation  work  provided  about 
9,000  ft  of  power  tunnel  penstock,  and  access  adits.  In  Phase  II,  the  power  tunnel  was 
excavated  to  an  area  where  Crater  Lake  was  tapped  to  provide  the  water  for  the  third 
turbine.  Along  with  power  tunnel  construction,  the  excavation  work  required  three  rock 
traps  downstream  of  the  lake  tap,  a  gate  shaft  and  gate  shaft  service  room  (with 
separate  adit),  and  a  surge  tank  shaft  upstream  of  the  powerhouse.  Incidental  work 
also  included  widening  an  excavation  for  the  tunnel  plug,  excavating  a  new  machine 
shop  cavern,  and  driving  an  adit  from  the  new  machine  shop  area  to  the  original 
powerhouse  machine  shop  area.  Figures  A-1  and  A-2  show  the  location  of  these 
features. 

CHANGES  AND/OR  CONTRACT  MODIFICATIONS 

Certain  features  in  the  contract  documents  were  subject  to  conditions  that  required 
additional  attention,  or  in  some  cases,  modification  of  the  contract.  These  included  the 
following: 

o  Lake  tap  orientation 
o  Primary  and  secondary  rock  traps 
0  Tunnel  section  through  the  Hilltop-Cliffside  Shear  Zone 
o  Surge  tank  daylight  location  and  collar 
o  Lining  upstream  of  tunnel  plug 


o  Portal  at  access  adit  to  ser\.';ce  room 
o  Final  plug  between  old  and  new  machine  shop. 

Lake  Tap  and  Rock  Traps 

Lake  tap  modifications  became  necessary  because  of  unfavorable  rock  conditions 
encountered  at  the  location  of  the  secondary  rock  trap,  and  because  of  the 
configuration  of  the  lake  bottom  at  the  point  of  the  tap.  The  rock  encountered  in  the 
left  wall  at  the  proposed  secondary  rock  trap  was  composed  of  highly  fractured 
pegmatite  similar  to  that  encountered  at  the  Hilltop-Cliffside  Shear  Zone  (see  discussion 
below).  For  this  reason,  the  secondary  rock  trap  was  moved  upstream  and  deepened. 
See  Figure  A-8  tor  details  of  the  as-built  rock  trap. 

The  orientation  of  the  tunnel  at  the  lake  tap  was  also  modified  following  an  investigation 
of  the  lake  bottom  configuration  by  probe  holes.  See  Appsnu.x  E  for  the  lake  tap 
reports. 

Hilltop-Cliffside  Shear  Zone 

Based  on  aerial  photography,  surface  geologic  mapping,  and  exploratory  drilling,  the 
existence  of  the  Hilltop-Cliffside  Shear  Zone  was  established  prior  to  letting  the  Crater 
Lake  Main  (Phase  II)  Contract.  The  Alaska  District  geologists  accurately  described  the 
condition  of  the  shear  and  provided  for  exploratory  drilling  ahead  of  the  advancing 
tunnel  to  locate  and  appraise  the  possible  tunneling  conditions. 

Therefore,  prior  to  beginning  tunnel  excavation  upstream  of  the  gate  shaft,  a  horizontal, 
cored,  pilot  hole  was  cored,  starting  at  Sta.  13  +  50,  in  an  attempt  to  intercept  the 
predicted  Hilltop-Cliffside  Shear  Zone.  The  end  of  the  pilot  hole  and  the  projected  strike 
of  the  encountered  shear  7  -«ne  were  in  close  proximity;  however,  the  pilot  hole  did  not 
intercept  the  shear,  even  though  it  was  carried  well  beyond  the  area  where  it  was 
projected  to  intersect  the  power  tunnel. 
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During  tunnel  excavation,  the  contractor  encountered  the  shear  zone  at  approximately 
Sta.  10  +  09.  The  shear  zone  was  not  as  extensive  as  predicted  and  did  not  result  in 
dangerous  excavation  conditions  However,  the  initial  fractured  rock  condition,  along 
with  the  contractor’s  inability  to  provide  the  wet-mix  shotcrete  called  for  in  the  contract 
documents,  resulted  in  construction  delays  and  the  use  of  steel  set  supports,  a  much 
more  expensive  alternative  rock  support. 

As  the  tunnel  intersected  the  fractured  rock  of  the  shear,  rock  bolts  were  placed  in  the 
right  wall,  but  did  not  totally  contain  the  material  sloughing  from  the  shear  zone.  This, 
combined  with  the  contractor’s  lack  of  satisfactory  shotcrete  to  supplement  the  rock 
bolts,  resulted  in  the  continued  use  of  steel  sets  to  support  the  fractured  rock  and  allow 
the  excavation  to  progress.  Steel  sets  were  placed  on  4-ft  centers  from  Sta.  10  +  25  to 
Sta.  9  +  81  before  the  contractor  was  able  to  place  shotcrete. 

Shotcrete  was  finally  placed  from  Sta.  9+81  to  Sta.  9+58  using  the  contractor’s  initially 
proposed  shotcrete  mix.  Although  the  shotcrete  worked  well  in  supporting  the  most 
broken  and  sheared  portion  of  the  shear  zone,  considerable  difficulty  was  experienced 
in  placement  and  in  obtaining  design  compressive  strength.  The  contractor’s  shotcrete 
operation  was  slow  and  apparently  inefficient,  and  the  early  compressive  strength  break 
tests  were  below  specifications.  The  low  strengths  were  probably  due  to  a  lack  of 
proper  control  of  the  accelerator.  Because  of  the  decision  to  provide  this  area  with  a 
concrete  tunnel  lining  as  a  permanent  support,  the  contractor  proposed  placing  chain- 
link  fabric  and  rock  bolts  in  lieu  of  rock  bolts  and  shoccrete  as  a  temporary  measure 
until  excavation  was  completed  through  the  shear  zone.  Rock  bolts  and  fabric  were 
used  from  Sta.  9  +  58  to  Sta.  9  +  36, 

The  successful  use  of  shotcrete  in  the  worst  section  of  the  shear  zone  indicates  that 
rock  bolts  with  shotcrete  (or  mesh)  would  have  been  totally  adequate  support  for  the 
fractured  rock  area  of  the  shear  zone.  Of  the  steel  sets  placed,  only  those  in  the  15- 
ft-long  area  of  the  right  wall  where  a  large  rock  block  sloughed  were  taking  load. 
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If  the  contractor  had  been  able  to  provide  satisfactory  shotcrete  when  the  shear  zone 
was  encountered,  the  use  of  sets  probably  would  not  have  been  required.  It  is  our 
opinion  that  the  sloughing  of  the  large  block  from  the  right  wall  would  have  been 
contained  by  shotcrete  placed  over  the  rock  bolts  installed. 

In  an  attempt  to  determine  the  rate  of  closure  of  the  tunnel  periphery,  convergence 
points  instrumentation  was  placed  adjacent  to  installed  sets  during  the  Christmas,  1986 
break  when  the  contractor  was  not  working.  The  results  of  this  instrument  testing  are 
summarized  in  Section  IX  of  this  report.  The  conclusion  from  the  testing  was  that  rock 
closure  was  not  a  problem  and  steel  sets  were  unnecessary. 

Surge  Tank  and  Collar 

When  the  contractor  verified  the  location  of  the  top  of  the  surge  shaft  (i.e.,  where  the 
shaft  would  "daylight")  in  its  original  vertical  orientation,  the  top  was  in  a  talus  area 
consisting  of  large  boulders.  Consequently,  the  Corps  decided  to  relocate  the  top  of 
the  shaft  without  relocating  the  bottom,  making  the  shaft  4.7°  from  vertical.  Driving  the 
raise  out  of  plumb  increased  the  difficulty  of  excavation,  although  the  rock  itself  was 
excellent. 

After  relocation,  the  top  of  the  surge  shaft  was  cleared  of  overburden  and  several 
rounds  of  explosives  were  fired  before  starting  to  raise  the  excavation  from  below.  The 
last  round  fired  at  the  top  was  left  unmucked,  which  lead  to  a  difficult  and  dangerous 
holing-  through  (daylighting)  process  later.  The  raise  excavation  from  the  power  tunnel 
was  stopped  approximately  11  ft  from  the  surface,  the  area  of  the  last,  unmucked, 
surface  round.  The  removal  of  the  final  11  ft  from  the  top  of  the  gate  shaft  required 
a  great  deal  of  hand  mucking  and  many  more  explosive  rounds  fired  than  would  have 
been  necessary  with  a  cleaned  surface. 


The  damage  caused  by  extensive  blasting  using  multiple  rounds,  combined  with  the 
vertical  rock  jointing  at  the  surface,  prevented  the  use  of  a  shoulder  collar  at  the  top 


of  the  surge  shaft  for  the  surge  cover  to  rest  upon  as  originally  designed.  Additional 
horizontal  dowels  were  placed  on  part  of  the  periphery  to  support  this  collar. 

Lining  Upstream  of  Tunnel  Plug 

As  recommended  in  the  Foundation  Report  prepared  for  Crater  Lake,  Phase  I,  and 
similarly  recommended  by  the  Corps’  lake  tap  consultant,  the  concrete  tunnel  lining 
was  extended  upstream  of  the  penstock/tunnel  plug  area.  In  addition,  the  original 
design  requirement  for  three  consolidation  grout  rings  was  increased  to  seven.  The 
location  of  the  seven  rings  and  the  extension  of  the  concrete  lining  are  described  in 
Section  VIII. 

The  concern  in  this  area  was  the  blocky,  fractured,  rock  associated  with  the  Rock  Trap 
Shear  Zone,  just  upstream  of  the  originally  designed  end  of  the  concrete  lining  in  the 
penstock/tunnel  plug  area.  Because  of  the  relatively  shallow  rock  cover  at  this  location, 
the  fractures  could  have  conducted  high-pressure  water  to  some  of  the  fractured  zones 
downstream  and,  perhaps,  to  the  surface  as  leakage. 

The  procedure  for  and  results  of  the  consolidation  grouting  in  this  area  are  described 
in  Section  VIII.  Post-construction  investigations  of  this  area  were  conducted  by  two 
consultants,  Mr.  C.  O.  Brawner  and  Mr.  L.  L.  Oriard.  Their  reports  are  included  in 
Appendix  I. 

Portal  at  Access  Adit  to  Service  Room 

The  orientation  of  the  surface  rock  joints  at  the  portal  of  the  access  adit  to  the  service 
room  required  some  modifications  to  the  slope  of  the  right  wall  (looking  into  the  adit). 
The  strike  of  the  parallel  joint  system  was  approximately  1 5°  to  20°  from  the  centerline 
of  the  access  adit.  The  dip  was  approximately  20°  to  25°  from  horizontal. 
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This  orientation  was  not  at  great  variance  from  the  design  orientation  of  the  portal  side 
slope;  however,  the  rock  showed  an  excessive  tendency  to  weather  between  the  sets 
of  vertical  joints. 

There  was  concern  that  the  weathering  had  the  potential  to  create  debris  which  could 
fill  the  drainage  swale  at  the  periphery  of  the  helicopter  pad  and  divert  water,  eventually 
eroding  the  pad.  To  avoid  this  possibility,  an  additional  3-ft  slab  (to  the  next 
predominant  rock  joint)  was  blasted  off,  leaving  a  wider  drainage  swale  with  more 
storage  capacity  for  debris. 

Machine  Shoo  Plug 

Removal  of  the  6-ft-thick  plug  between  the  newly  excavated  machine  shop  and  the 
existing  underground  power  house  was  a  concern  because  the  blasting  was  close  to 
the  operating  turbines  and  switchgear.  As  a  mitigating  measure,  the  whole  periphery 
of  the  plug  was  line  drilled  and  reamed  to  define  the  peripheral  break  line  and  minimize 
shock  wave  transmission. 

The  interior  portion  of  the  plug  was  drilled  out  and  loaded  with  several  blast-initiating 
delays  to  minimize  the  peak  particle  velocity  of  the  delay  segments.  The  shock  waves 
were  read  by  a  seismograph  just  to  the  rear  of  the  nearest  turbine,  and  the  peak 
particle  velocity  recorded  was  well  below  the  maximum  velocity  specified  of  1  in./sec. 
The  operating  Long  Lake  turbines  were  never  shut  down  by  construction  of  the  Crater 
Lake  Stage  of  the  Snettisham  Project.  Figure  A-9  shows  the  detailed  pre-blast  pattern 
for  the  plug  proposed  by  the  contractor. 
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V.  CONSTRUCTION  METHODS 


PHASE  I 

South  Coast,  Inc.,  the  contractor  for  construction  of  the  access  adit,  penstock,  and 
power  tunnel  up  to  Sta.  13  +  50  (Crater  Lake  Phase  I),  chose  to  drive  their  tunnels  by 
the  drill-and-shoot  method.  The  contractor  worked  two,  10-hr  shifts  per  day  with  an 
average  of  five  miners  in  the  tunnel  per  shift.  Typically  the  personnel  consisted  of  one 
shifter,  two  drillers,  and  two  mucker  operators  who  also  erected  tunnel  utilities.  Phase 
I  was  completed  as  a  non-union  project.  A  total  of  314  days  was  required  to  drive  the 
6,772  ft  of  tunnel.  The  average  advance  rate  was  approximately  33  ft  per  work  day, 
and  the  maximum  advance  rate  for  one  24-hr  period  was  48  ft  (see  Figure  A- 10).  The 
machine  shop  addition  to  the  powerhouse,  the  adit  to  the  surge  tank,  and  the  lower 
portion  of  the  penstock  below  the  expanded  section  were  excavated  after  the  main 
tunnel  drive. 

Air-track  and  jack-leg  drills  were  used  to  develop  the  portal  area  of  the  access  adit,  as 
well  as  the  first  few  rounds  in  the  adit.  This  reach  was  used  for  the  blast  test  rounds 
required  in  the  specifications.  Shortly  thereafter,  a  new  Tamrock,  two-drill,  hydraulic 
jumbo  was  delivered  to  the  site.  Using  12-ft  drill  steel  and  1-7/8  inch-diameter  button 
bits  for  the  blast  holes,  the  jumbo  drilled  10-ft  tunnel  rounds  with  an  average  pull  length 
of  9  ft.  The  drills  generated  100  hp  with  a  460-volt  system,  used  water  for  total  dust 
control  at  the  heading,  and  required  two  miner/operators.  In  the  larger  diameter 
penstock,  a  third  miner  was  required  to  help  align  the  holes  at  the  face.  The  drilling 
rates  were  quite  fast,  ranging  from  about  4  ft/min  in  the  harder  basalt  dikes  to  about 
6  ft/min  in  the  softer  biotite-mica  rich  zones.  In  the  predominant  quartz  diorite  rock  the 
average  drill  bit  life  for  the  carbide  insert  button  bits  was  approximately  400  ft  per  bit. 

The  tunnel  was  originally  designed  as  a  modified  horseshoe,  10  ft  6  inches  in  diameter. 
However,  before  the  start  of  construction.  South  Coast,  Inc.  requested,  and  received, 
permission  to  drive  an  11 -ft  6-inch  straight-leg  tunnel  as  a  construction  expedient. 
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Upstream  of  approximately  Sta.  55  +  00,  an  11 -ft  6-inch  modified  horseshoe  shape  was 
used  at  the  contractors  request  to  reduce  the  total  volume  of  rock  excavated. 

Mucking  out  the  blasted  rock  in  the  tunnels  was  handled  by  two  contractor-leased  and 
one  contractor-owned  Wagner  load-haul-dump  (LHD)  scooptrams.  During  the  course 
of  the  job,  two  ST-8  (8-yd^  capacity)  and  one  ST-5  (5.5-yd^  capacity)  LHDs  were  used. 
The  ST-8  mucked  out  the  access  adit,  the  ST-5  and  ST-8  mucked  out  the  penstock, 
and  the  two  ST-8s  mucked  out  the  power  tunnel.  One  of  the  LHDs  was  primarily  for 
back-up,  in  case  a  mucker  broke  down.  Compressors  for  the  tunnel  work  included  a 
600-cfs  Ingersoll-Rand  to  provide  air  for  the  equipment  in  the  tunnel. 

Ventilation  for  the  tunnel  was  provided  through  new,  36-inch  steel  vent  line 
manufactured  for  the  project.  By  completion  of  the  project,  six  reversible  fans  with  a 
total  capacity  of  450  hp  had  been  installed,  three  at  the  portal  and  one  approximately 
every  1 ,800  ft  up  the  tunnel.  The  total  volume  of  air  measured  and  maintained  near  the 
face  was  never  allowed  to  drop  below  43,200  cfm.  A  supplemental  venturi  fan  was 
used  to  move  the  air  from  behind  the  vent  line  discharge  and  around  the  jumbo  to  the 
face. 

Supplemental  holes  in  the  rock  for  rock  bolts  and  utility  support  hangers  were  drilled 
with  a  pneumatic  jack-leg  drill. 

Portal  equipment  included  one  Cat  988  front-end  loader  (6-yd^  capacity)  for  loading  the 
two  dump  trucks  (15-yd^  capacity)  which  hauled  the  tunnel  muck  for  the  road 
construction  and  to  the  muck  disposal  area  at  Crater  Cove.  Grading  and  dressing  of 
the  road  was  handled  by  a  Caterpillar  D-6,  a  Caterpillar  D-8,  and  a  road  patrol/grader. 
One  man  loaded  the  muck  from  the  muck  pile  at  the  portal  and  hauled  the  material  to 
the  disposal  area.  Hauling  to  the  disposal  area  was  done  only  on  the  day  shift. 
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PHASE  II 


In  keeping  with  the  Phase  I  contract,  the  Phase  II,  (Main  Contract)  contractor,  Pacific 
Ventures  Inc.,  chose  to  use  the  drill-and-shoot  method  in  lieu  of  a  mechanical 
excavation  system  for  excavating  the  remaining  power  tunnel,  rock  traps,  service  room, 
and  lake  tap.  The  basic  work  day  was  two  10-hour  shifts,  and  tunneling  crews 
consisted  of  four  miners,  one  being  the  shifter.  The  time  of  execution  for  the  different 
parts  of  the  Phase  II  are  included  in  the  tunnel  construction  progress  reports  on  file  with 
the  Corps  of  Engineers. 

The  basic  tunnel  production  work  was  by  a  two-boom,  hydraulic,  drill  jumbo  with  air- 
track  and  jack-leg  equipment  used  in  support.  The  second  contractor  also  asked  to 
drive  a  straight-leg  tunnel  on  reaching  the  tertiary  rock  trap.  He  maintained  that  cross 
section  for  the  remainder  of  the  power  tunnel,  as  well  as  for  the  access  adit  to  the 
service  room  over  the  gate  shaft. 

Because  the  service  room  and  access  adit  were  located  at  elevation  1040  in  an  area 
without  roads  or  trails,  the  contractor  chartered  a  skycrane  helicopter  to  transport 
tunneling  equipment  up  to  the  site.  Helicopters  were  also  used  to  take  equipment  and 
personnel  to  the  surge  shaft  collar  area.  All  concrete  placement  in  both  areas  was  also 
done  by  helicopter. 

The  Phase  I  ventilation  equipment  left  by  the  first  contractor  was  used  in  Phase  II.  It 
was  extended  upstream  in  the  same  manner  as  for  Phase  I. 

Mucking  methods  for  the  Phase  II  were  modified  from  Phase  I.  After  first  trying  to  muck 
the  heading  from  Sta.  13  +  50  to  the  lake  tap  using  two  ST-8s  and  one  ST-3-1/2  Wagner 
LHD  scooptrams,  the  contractor  determined  that  the  haul  down  tunnel  was 
arduous  for  the  scooptrams  as  they  were  frequently  down  for  maintenance.  The 
contractor  then  acquired  three  mine  trucks  to  haul  muck  from  the  muck  bays  to 
disposal  areas. 
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The  raises  for  the  surge  and  gate  shafts  were  excavated  using  an  Alimak  climber  from 
the  bottom  of  the  shaft  upward.  The  surge  shaft  was  done  first,  followed  by  the  gate 
shaft.  This  work  was  subcontracted  to  the  J.  S.  Redpath  Co.  of  Canada.  The 
contractor  used  jack-leg  air  drills  off  the  platform  for  drilling  blast  holes  The  mucking 
for  the  raise  operation  was  done  using  the  tunnel  mucking  equipment. 

Support  Facilities 

South  Coast,  Inc.  erected  a  40-ft  by  40-ft  prefabricated  metal  building  near  the  portal 
to  use  as  a  shop  for  equipment  repair.  Both  contractors  used  this  facility.  A  fulltime 
mechanic  was  available  on  each  shift  throughout  most  of  the  project. 

During  Phase  I,  housing  and  feeding  space  for  the  construction  and  inspection 
personnel  was  located  in  trailers  stacked  two-high  on  a  barge.  At  the  start  of  the 
project,  the  barge  was  towed  to  the  site  on  a  very  high  tide,  placed  on  a  gravel  leveling 
bed,  and  tied  off.  Although  the  barge  could  be  totally  self-contained  for  power,  water, 
and  sewerage,  it  was  hooked  up  to  the  existing  site  utilities.  The  average  number  of 
contractor  personnel  was  18  people,  counting  cook  and  maintenance  staff. 

The  Phase  II  contractor  chose  to  move  trailers  onto  the  site  for  his  personnel,  because 
the  work  involved  in  Phase  II  was  more  extensive,  the  work  force  averaged  about  30 
people 

Blasting 

Early  in  the  Phase  I  project,  the  primary  blasting  agent  was  Tovex  water  gel  explosive. 
However,  in  an  effort  to  minimize  costs,  and  finding  generally  dry  rock  conditions,  the 
contractor  experimented  with  and  then  changed  to  ANFO  (ammonium  nitrate  and  fuel 
oil)  prills.  This  product  was  the  primary  blasting  agent  for  the  most  of  the  Phase  I 
power  tunnel  excavation. 
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The  ANFO  was  delivered  to  the  site  in  50-lb  bags  and  blown  into  the  drilled  blast  holes 
by  a  compressed-air  hopper  mounted  on  the  jumbo.  A  typical  10-ft  round  required  350 
to  400  lbs  of  ANFO  prill. 

Ingnition  of  the  ANFO  was  accomplished  by  one  cartridge  of  Tovex  220,  loaded  and 
primed  at  the  back  of  each  production  hole.  The  Tovex  220  was  also  used  for  the 
lifters  (bottom  holes  in  the  round)  and  the  side  perimeter  holes  below  the  springline. 
The  total  amount  of  Tovex  220  varied  from  25  to  150  lbs,  depending  on  the  amount  of 
water  encountered  in  drilling  the  round. 

Above  the  springline,  Tovex  T-2  water  gel  was  used  for  the  perimeter  holes  to  minimize 
overbreak.  The  T-2  explosive  is  packaged  in  24-inch  long,  1 /2-inch  diameter  cardboard 
tubes  that  can  be  fitted  together  to  form  continuous  lengths  of  explosive  equal  to  1/4 
lb  per  lin.  ft.  This  product  produced  excellent  results  in  minimizing  disturbance  to  the 
surrounding  rock.  The  casts  of  the  crown  blast  holes  can  be  seen  throughout  the 
length  of  the  tunnel,  even  in  blocky  ground. 

A  typical  blast  round  in  the  11-1/2  ft-diameter  power  tunnel  was  drilled  10  ft  deep  and 
pulled  9  ft.  Forty  to  50  1-7/8  inch-diameter  holes  were  loaded  and  there  were  four 
unloaded  2-1/2  inch-diameter  burn  holes  around  the  "0"  delay  hole.  (Soe  Figure  A- 
11  for  a  typical  blast  pattern.)  Powder  factors  for  the  ANFO/Tovex  220  rounds 
averaged  about  8.75  Ib/yd^.  This  powder  factor  appears  high,  but,  according  to  the 
contractor,  the  massiveness  and  strength  of  the  rock  required  a  high  powder  factor. 

The  blasting  pattern,  powder  factor,  and  delay  pattern  used  in  the  Crater  Lake  Phase 
I  tunnels  were  developed  by  varying  the  elements  of  the  round  in  a  60-ft  test  section 
of  the  access  adit.  This  testing  provided  the  basis  for  blasting  procedures  used 
throughout  the  tunnel,  although  the  load  was  adjusted  somewhat  for  each  round  to 
meet  the  existing  conditions. 
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Blast  initiation  was  accomplished  by  fuse,  primer  cord,  and  Nonel  Prirnadet,  non-electric 
blasting  caps.  The  contractor  chose  these  detonators  because  of  the  possibility, 
although  remote,  that  stray  electric  currents  might  be  produced  by  the  close  proximity 
of  the  existing  powerhouse  and  high-voltage  electric  transmission  lines.  Typically,  the 
contractor  used  "0"  through  "12"  delays,  with  intervals  from  instantaneous  to  5.5  sec. 
The  lifter  holes  were  all  double-primed  to  ensure  firing,  thus  minimizing  the  potential 
for  a  misfired  charge  at  the  bottom  of  the  next  round. 

Blasting  procedures  in  the  Phase  II  work  followed  the  lead  of  the  Phase  I  operation. 
ANFO  was  the  primary  explosive,  using  delayed  caps  with  one  stick  of  Tovex  gel  at  the 
bottom  of  the  blast  hole  for  pos'*'  nitiation  of  the  ANFO  prills.  The  peripheral  holes 
were  fracture  controlled  using  ■  .ler  gel  trimming  explosive. 

The  raise  blasting  deviated  from  the  specifications  after  the  cross  section  was  changed 
from  10-ft  circular  to  a  9-ft  square.  The  contractor  attempted  to  use  trim  powder  at  the 
periphery  and  ANFO  in  main  charges,  but  both  gave  problems  with  complete 
detonation.  Most  of  the  blasts  were  accomplished  with  100  percent  water  gel  (Tovex) 
loading. 

UNDETWATER  LAKE  TAP 

Without  a  doubt,  the  most  unique  feature  of  the  Crater  Lake  Stage  was  the  underwater 
la'<e  tap  using  the  Norwegian  Lake  Tap  Method.  The  Long  Lake  Stage  of  the 
S  lettisham  Project  included  the  first  underwater  lake  tap  in  North  America  in  1968. 
The  Crater  Lake  tap  was  the  fourth  North  American  tap  and,  at  210  ft,  the  deepest  tap 
on  the  continent. 

The  contractor,  Pacific  Ventures  Inc.  retained  the  Norwegian  consulting  firm  of 
Norconsult  as  its  lake  tap  consultant.  The  Corps  retained  Mr.  Finn  Kvingan  as  its 
consultant  under  contract  with  Polarconsult  Alaska,  Inc.  Mr.  Kvingan  was  also  the 
contractor’s  consultant  during  the  Long  Lake  tap.  All  operations  of  the  lake  tap  were 


under  the  direction  of  the  contractor’s  and  the  Corps’  lake  tap  consultants.  A  summary 
report  of  the  lake  tap  activities  prepared  by  Mr.  Kvingan  is  included  as  an  Appendix  E 
to  this  report. 

A  summary  of  the  sequence  of  activities  which  led  to  the  successful  tap  are  as  follows; 

o  Power  tunnel  was  driven  to  within  60  ft  of  the  expected  tap  location. 

o  Exploratory  probe  holes  were  drilled  into  bottom  of  lake  to  locate  the 
exact  rock/water  interface  and  to  determine  fracture  density  of 
rock  mass  near  the  bottom. 

o  Lake  tap  location  was  changed  slightly  to  assure  that  the  tap  would  be  made 
as  perpendicular  to  the  rock  face  as  possible. 

o  Tunnel  was  driven  to  within  12  ft  of  the  bottom  of  the  lake. 

0  A  large  grouting  program  was  initiated,  including  mixing  horse  feed  with  the 
grout,  in  an  attempt  to  reduce  the  volume  of  water  entering  the  lake  tap 
area. 

o  Final  blast  holes  were  drilled. 

o  Rock  traps  and  a  concrete  sill  in  the  primary  rock  trap  area  were  completed. 

o  Pumps  were  installed  2  days  prior  to  the  tap  to  remove  water  in  rock  traps. 

0  Construction  of  an  "ice  plug"  immediately  upstream  of  the  slide  gate  was 
begun  approximately  24  hours  prior  to  the  tap. 

o  The  final  round  was  loaded  approximately  1 2  hours  prior  to  the  tap. 

0  All  pumps  were  removed  from  rock  traps. 

o  The  final  hookup  of  shot  wire  was  made  to  slide  gate  service  room. 

o  The  slide  gate  was  closed,  and  tunnel  and  shaft  were  cleared  of  all  personnel. 

o  The  final  shot  was  made  from  the  slide  gate  service  room  at  1515  hrs., 

22  October  1988. 

o  Instrument  readings  indicate  that  the  lake  tap  was  successful. 
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VI.  GEOLOGIC  CONDITIONS  ENCOUNTERED 


PENSTOCK 

The  geologic  conditions  which  were  present  at  each  of  the  project  features  are 
summarized  in  the  following  sections.  Corresponding  geologic  maps  of  the  structures 
are  presented  in  Appendix  B.  For  geologic  profiles,  see  Figures  A-5,  A-6,  and  A-7. 

Rock  Type 

The  rock  in  the  penstock  area  consists  primarily  of  quartz  diorite,  alternating  randomly 
with  quartz  diorite  gneiss  (see  Figures  B-1,  B-7,  and  B-11).  The  quartz  diorite 
commonly  has  a  gneissic  texture  with  alternating,  subparallel,  light-  and  dark-colored 
bands  containing  quartz,  feldspar,  hornblende,  and  biotite  mica  minerals.  The  rock  has 
been  cut  by  basaltic,  granitic,  and  quartz  dikes  intruded  along  existing  joints  and  shear 
zones.  Because  the  majority  of  the  dikes  strike  approximately  N  45°  E  and  dip  steeply, 
and  because  the  tunnel  bears  S  59°  36’36"  E,  the  dikes  appear  as  near  perpendicular 
banding  in  the  penstock  tunnel. 

Sheai's 

More  than  14  shears  were  identified  that  evidenced  movement  or  contained  intensive 
material  (predominantly  basalt).  The  penstock  showed  a  higher  incidence  of  basalt- 
filled  shears  than  did  the  power  tunnel.  The  few  shears  with  zones  of  mylonite  and 
broken  rock  were  generally  damp  and  drippy,  but  did  not  flow  freely.  The  one 
exception  was  a  shear  at  Sta.  68+55  which  flowed  about  10  gpm  from  the  left 
wall/crown  intersection. 
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Joints 


The  preponderance  of  joints  in  the  penstock  tunnel  are  high-angle  joints  developed  by 
tectonic  stresses.  This  set  of  joints  strikes  N  25°  to  35°  E  and  dips  73°  to  83°  SE. 
Most  of  the  joints  strike  within  10°  of  perpendicular  to  the  tunnel  alignment  (S  59°  36’36'' 
E).  This  circumstance,  coupled  with  the  steep  dip  of  the  joints,  leads  to  a  symmetrical 
banding  effect  which  minimizes  fallout  along  the  joint/tunnel  interface.  There  is  a  minor 
set  of  tectonic  joints  that  strike  N  33°  to  37°  E  and  dip  at  only  48°  E.  This  set  is  best 
exemplified  by  the  single  granite  dike  at  Sta.  73-t-80  and  the  adjacent  parallel  joints. 

Intrusives 


Within  the  penstock  tunnel  there  were  11  basalt  dikes,  one  granite  dike,  and  one  quartz 
dike.  The  basalt  dikes  range  from  a  few  inches  to  more  than  3  ft  thick  and  generally 
completely  fill  the  shears  or  joints  with  a  tight  rock-to-rock  contact.  One  exception  is 
at  Sta.  74  +  64  where  the  basalt  was  intruded  into  an  existing  shear,  as  indicated  by 
baking  of  the  adjacent  mylonite.  The  majority  of  the  dikes  strike  N  25°  to  35°  E,  which 
places  them  nearly  perpendicular  to  the  bearing  of  the  tunnel.  Most  of  the  dikes  follow 
the  primary  joint  system,  which  dips  73°  and  83°  SE.  The  basalt  is  generally  blocky 
and  the  dikes  exhibit  occasional  drips  and  small  seeps.  The  granite  and  quartz  dikes 
are  both  tight  and  dry. 

Groundwater 

Most  of  the  penstock  tunnel  is  dry,  with  only  occasional  drips  from  blocky  basalt  dikes. 
At  Sta.  68  +  55,  however,  there  was  a  10-gpm  seep  near  the  right  wall/crown 
intersection.  This  large  seep,  which  was  located  in  a  shear  only  a  few  inches  wide, 
initially  flowed  about  30  gpm.  The  flow  gradually  decreased  and  stabilized  at 
approximately  10  gpm  after  about  2  weeks.  When  this  section  of  the  penstock  was 
expanded  for  the  cast-in-place  penstock  plug,  the  flow  from  this  fracture  distributed  itself 
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along  the  numerous  subparallel  fractures  and  continued  to  drip.  Even  after 
consolidation  grouting,  this  area  continued  to  drip,  although  apparently  at  a  lower  rate. 

POWER  TUNNEL 

Rock  Type 

The  country  rock  consists  of  types  associated  with  the  Coast  Range  Batholith.  In  the 
power  tunnel  area  (Sta.  6  +  65  to  Sta.  68  +  75),  the  rock  consists  of  quartz  diorite  and 
quartz  diorite  gneiss  in  an  alternating,  random  patte.  n.  The  rock  in  the  power  tunnel 
is  predominantly  quartz  diorite  gneiss  which  is  fresh  and  of  high  quality.  The  quartz 
diorite  commonly  has  a  gneissic  texture  with  alternating,  subparallel,  light-  and  dark- 
colored  bands  or  laminations  containing  quartz,  feldspar,  hornblende,  and  biotite-mica 
minerals.  The  light  bands  contain  mainly  quartz  and  feldspar;  the  dark  bands  contain 
mainly  biotite  and  hornblende.  The  contact  between  the  light  and  dark  bands  was  not 
a  zone  of  weakness  in  the  rock.  The  rock  has  been  cut  by  basaltic,  granitic,  and 
quartz  dikes  intruded  along  existing  joint  and  shear  planes.  (See  Figures  B-2  through 
B-6.) 


Shears 


In  this  6,21 0-ft  section  of  power  tunnel,  more  than  50  shears  and  shear  zones  were 
encountered  that  showed  evidence  of  movement  but  contained  only  mylonite  or  no 
filling.  In  addition,  there  were  25  shears  or  joints  that  contained  basalt  dikes,  five 
shears  or  joints  that  contained  quartz  filling,  and  one  granite  dike.  The  total  is  81  major 
fault  discontinuities,  an  average  of  one  fault  per  68  ft  of  power  tunnel. 

During  the  exploration  phase  of  the  project,  approximately  15  shears  were  identified 
that  were  expected  to  influence  the  power  tunnel.  It  is  believed  that  each  of  these 
shears  was  encountered  during  construction;  however,  exact  identification  was  difficult 
because  of  the  great  number  of  shears  found  in  the  tunnel.  Many  of  the  shears 
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encountered  showed  chlorite  and/or  iron  oxide  staining,  and  contained  from  a  trace  up 
to  several  feet  of  mylonite  and  broken  and  weathered  rock.  The  majority  of  shears  with 
zones  of  mylonite  and  broken  rock  were  damp  and  drippy  but  did  not  flow  freely. 


Joints 


There  are  two  types  of  joints  within  the  project  area:  low-angle  and  high  angle.  Low- 
angle  joints  are  formed  by  stress  release  from  removal  of  overlying  rock  or  ice.  These 
joints  usually  parallel  the  exposed  rock  surface  and  die  out  with  depth.  High-angle 
joints  were  developed  by  tectonic  stresses.  Because  the  power  tunnel  is  located  deep 
underground,  there  is  no  evidence  of  low-angle  (stress-relief)  joints. 

The  major  feature  of  the  tunnel  walls  is  their  "hacksaw  blade"  appearance  where  the 
high-angle  joints  are  prominent  and  numerous.  This  strong,  primary  set  of  tectonic 
joints  strikes  N  25°  to  35°  E  and  dips  80°  to  85°  SE. 

The  basalt  dikes  are  intruded  along  these  joints,  and  most  of  the  shear  zones  also 
follow  this  primary  joint  orientation.  The  joint  planes  are  generally  smooth,  with  some 
slickensided  surfaces,  indicating  enough  movement  to  shear  the  interlocking  crystalline 
mineral  grains.  Many  of  the  joints  have  chlorite  and/or  iron  oxide  staining,  and  a  few 
have  pyrite  crystals  along  the  joint  planes. 

Some  of  the  joints  are  wet  and  drippy,  but  few  actually  flow.  The  basalt  in  the  dikes 
has  its  own  independent  joint  system  developed  from  cooling  and  shrinkage. 

Intrusives 

Within  the  power  tunnel  there  were  25  basalt  dikes,  five  quartz  dikes,  and  one  granite 
dike.  Of  the  basalt  dikes,  22  had  strikes  of  N  10°  to  35°  E,  approximately  paralleling 
the  primary  joint  system.  The  other  three  basalt  dikes  had  strikes  of  N  10°  to  15°  W 
and  dipped  from  65°  to  90°  E,  with  most  dipping  80°  to  85°  E.  The  basalt  dike  widths 


ranged  from  1/2  inch  up  to  nearly  50  ft  (at  Sta.  44+30),  with  widths  of  about  18  inch, 
4  ft,  and  16  to  20  ft  being  most  common. 

The  five  quartz  dikes  all  had  NE-SW  strikes  and  dipped  from  75°  to  88°  E,  except  for 
one  dike  which  dipped  84°  W.  The  quartz  dikes  ranged  from  1/4  inch  to  4  inches  in 
width. 

The  single  granite  dike  encountered  had  a  strike  of  N  33°  E  and  dip  of  48°  E.  It  varied 
in  width  from  2  to  12  inches. 

Most  of  the  heavy  water  seepage  within  the  tunnel  came  either  from  springs  along 
loose  contacts  between  basalt  and  country  rock  or  from  open  joints.  However,  the 
majority  of  these  contacts  are  sharp,  well-defined,  and  tight. 

The  basalt,  although  massive  in  some  places,  is  generally  blocky  as  a  result  of  cooling. 
There  are  three  sets  of  shrinkage  joints  that  are  nearly  perpendicular  to  each  other  and 
are  independent  of  the  country  rock  structure.  During  tunnel  driving,  rock  bolts  were 
installed  in  some  zones  of  blocky  basalt.  Additional  rock  bolts  and  shotcrete  were 
placed  after  completion  of  tunnel  driving,  in  order  to  avoid  long-term  fallouts  and  water 
plucking  action. 

SURGE  SHAFT 

Rock  Type 

The  rock  encountered  throughout  the  full  height  of  the  surge  shaft  was  of  excellent 
quality  and  basically  the  same  lithology  as  that  described  for  the  penstock  and  power 
tunnel.  The  predominant  type  over  the  whole  shaft  was  gneiss;  for  many  continuous 
intervals  the  rock  was  thick  (>1  ft),  alternating  light-  and  dark -colored  bands  of  quartz, 
and  biotite  mica  with  areas  of  hornblende.  (See  Figures  B-9  and  B-10.) 
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Shears 


Only  one  shear  area  was  encountered.  This  had  a  mylonite  seam  of  up  to  1  inch  thick. 
About  5  ft  away,  an  open  joint  paralleled  this  shear  and  the  area  also  contained  lightly 
fractured  pegmatite.  The  orientation  of  this  shear  was  such  that  no  remedial  action  was 
considered  necessary. 

Joints 


The  full  height  of  the  shaft  exhibited  high-angle,  tight  jointing  oriented  as  desc.  lOed  in 
Section  III.  The  dip  of  the  prominent  joint  set  varied  only  slightly  from  the  orientation 
of  the  shaft  centerline.  In  several  areas,  one  of  the  walls  was  actually  a  continuous 
face  of  rock  jointing,  and,  in  one  instance,  this  occurred  for  a  distance  of  almost  30  ft. 
As  the  shaft  approached  the  full  height,  the  presence  of  relatively  open  stress-relief 
joints  subparallel  to  the  ground  surface  was  noted.  However,  because  these  joints  were 
essentially  perpendicular  to  the  excavation,  they  did  not  cause  stability  problems. 

Intrusives 

Two  basalt  dikes  intersected  the  surge  shaft.  The  first,  near  the  top,  was  very  thin 
and  pinched  out  within  10  ft  of  the  surface.  The  other,  up  to  20  inches  wide,  was  quite 
blocky  but,  overall,  quite  tight.  This  dike  was  the  source  of  most  of  the  water 
flowing  into  the  shaft.  This  same  dike  intersects  the  power  tunnel  just  upstream  of  the 
surge  shaft  adit  drift. 

Groundwater 

The  shaft  was  quite  dry  overall,  with  water  flowing  from  the  lower  basalt  dike  and  some 
water  occurring  from  the  more  open  joints  at  the  higher  elevations  of  the  shaft.  Total 
flow  down  the  shaft  was  estimated  at  less  than  10  gpm. 
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LAKE  TAP  AREA  (Sta.  6  +  60  to  Sta.  14  +  00) 

Rock  Type 

The  rock  in  the  lake  tap  area  is  structurally  and  lithologically  similar  to  that  described 
for  the  penstock  and  power  tunnel,  with  the  exception  of  the  major  shear  zone 
intercepted  (described  below)  and  the  presence  of  stress-relief  joints  near  the  lake 
bottom.  (See  Figure  B-6.) 

Shears 


A  single  shear  occurred  between  Sta.  13  +  34  and  Sta.  13  +  50,  and  contained  gouge 
up  to  to  3  in.  wide  in  a  zone  of  alteration  as  much  as  30  in.  wide.  The  area  was 
shotcreted  to  provide  permanent  integrity. 

The  Hilltop-Cliffside  Shear  Zone  was  encountered  between  Sta.  10+70  and  Sta.  8+92. 
This  zone  was  highly  altered,  contained  gouge  and  mylonite,  and  was  heavily  fractured. 
Probe  holes  into  the  area  that  was  to  become  the  second  rock  trap  also  encountered 
highly  altered  material,  similar  to  that  of  the  Hilltop-Cliffside  Shear  Zone. 

These  rock  conditions  necessitated  the  use  of  extensive  support  during  tunneling  lining 
of  the  tunnel  from  Sta.  10  +  70  to  Sta.  9+10,  and  the  relocation  of  the  secondary  rock 
trap.  Water  flow  was  not  a  problem  in  this  zone. 

GATE  STRUCTURE 

Rock  Type 


The  raise  excavation  creating  the  gate  shaft  from  the  power  tunnel  to  the  service  room 
overhead  (see  cross  section  in  Figure  3)  contained  the  finest  quality  rock  encountered 
in  all  excavated  areas  of  the  project.  It  was  essentially  the  same  quartz  diorite  found 


throughout  the  project  with  its  alternating,  convoluted  bands  of  light  and  dark  materials, 
but  contained  only  a  few  widely  separated  discontinuities. 

Shears.  Joints,  and  Instrusives 

No  shears  or  intrusive  dikes  were  encountered.  The  shaft  showed  only  a  few  very 
tight,  parallel  joints  which  were  the  same  set  of  high-angle  tectonic  joints  encountered 
in  all  the  excavations. 

Almost  no  remedial  work  was  required  in  this  area.  Only  two  rock  bolts  were  placed 
in  the  shaft  area  following  initial  inspection  and  logging.  A  minimal  amount  of  water 
occurred  as  slight  seepage  from  some  of  the  joints. 

SERVICE  ROOM  ACCESS  ADIT  AND  SERVICE  ROOM 

Rock  Type 

The  rock  type  throughout  these  excavations  was  lithologically  similar  to  the  rest  of  the 
Snettisham  rock  mass,  i.e.,  quartz  diorite  gneiss.  (See  Figure  B-8.) 

Shears 

Five  shear  zones  in  the  access  adit  were  similar  to  zones  in  the  tunnel  below  and  were 
shotcreted  for  long-term  stabilization.  These  zones  were  typically  iron-stained,  with 
varying  degrees  of  altered  rock  or  mylonite.  The  most  extensively  altered  zone, 
between  Sta.  3+40  and  Sta.  4+30,  contained  three  areas  repaired  with  shotcrete  and 
rock  bolts.  The  most  extensive  of  these  shears  contained  mylonite  and  very  soft  gouge 
up  to  18  inches  wide  in  the  left  rib. 
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The  service  room  area  contained  one  small  shear  zone  from  Sta.  0+10  (access 
stationing)  to  Sta.  0  +  42,  healed  by  a  1 /2-inch  wide  quartz  seam  with  an  alteration  zone 
up  to  3  inches  wide  on  either  side. 

Joints 

The  jointing  prevalent  in  the  power  tunnel  also  occurred  in  the  access  adit  and  service 
room.  Some  areas  of  the  service  room  showed  the  typical  steep,  tight  jointing  common 
to  all  the  rock  in  this  area.  The  rock,  in  general,  was  of  the  same  high  quality 
encountered  in  the  power  tunnels,  and  only  a  few  small  shears  and  other  discontinuities 
were  intercepted. 

Intrusives 

Two  basalt  dikes  were  intercepted.  The  first  at  Sta.  8  +  25  was  black,  massive,  hard, 
and  up  to  4  inches  wide.  The  other,  between  Sta.  1  +30  and  Sta.  1  +45,  was  6  inches 
to  14  inches  wide  and  also  quite  hard,  with  adjacent  zones  of  altered  country  rock. 

GROUNDWATER  OCCURRENCE  AND  CONTROL 

Water  was  of  only  minor  consequence  in  the  Crater  Lake  Stage  rock  excavation  work. 
The  water  affected  construction  due  to  the  12  percent  grade.  As  the  upper  reaches 
of  the  tunnel  were  attained,  the  total  volume  of  water  near  the  lower  sections  created 
traction  problems  for  the  muckers.  The  roadbed  was  disturbed  and  required  frequent 
maintenance. 

Although  numerous  sources  of  water  were  encountered,  most  were  damp  spots  on  the 
walls,  with  intermittent  to  steady  drips.  Actual  water  flows  were  very  few;  the  aggregate 
flow  never  exceeded  180  gpm,  a  minor  amount  even  in  as  small  a  tunnel  as  the  one 
constructed.  Water  in  the  invert  seldom  exceeded  3  inches,  even  in  the  depressions 
caused  by  blasting  near  the  portal.  Pumping  was  not  required  during  tunnel 
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construction  because  the  slope  of  the  tunnels  was  more  than  sufficient  for  self  drainage. 
A  sump  pump  was  employed  for  the  penstock  extension,  which  was  driven  down  slope. 
Gravity  drainage  was  again  established  with  completion  of  the  penstock  at  the  existing 
powerhouse  excavation. 

At  Sta.  68  +  58,  the  tunnel  encountered  a  joint  which  was  open  as  much  as  2  inches. 
When  first  intercepted,  the  joint  flowed  an  estimated  30  gpm,  which  decreased  to  about 
10  gpm  after  several  days.  Within  2  days  of  exposure,  the  flow  concentrated  on  the 
left  wall  and  issued  mostly  from  a  2-ft-long  section  of  the  joint  which  was  open  as  much 
as  1-1/2  inch.  The  flow  from  the  source  varied  with  the  weather;  e.g.  approximately 
3  days  after  a  sudden  spring  thaw  or  a  heavy  rain,  the  flow  would  increase. 

In  the  area  of  the  Rock  Trap  Shear  Zone  (Sta.  68  +  20  to  Sta.  67  +  00),  there  were 
numerous  drips,  some  of  which  had  constant  flow  at  times.  The  drips  and  damp  areas 
were  spread  from  approximately  Sta.  68  +  20  to  Sta.  67+00,  with  few  totally  dry  spots 
throughout  the  length  of  the  shear  zone. 

At  Sta.  66+78,  a  concentration  of  drips  occurred  along  the  crown,  right  of  center,  at 
the  intersection  of  a  small  shear  and  a  basalt  dike.  The  water  started  dripping  at  two 
or  three  locations  and,  after  a  few  weeks,  spread  to  more  than  20  individual  locations, 
some  of  them  quite  constant.  Although  the  water  was  clear  from  the  first  contact,  it  is 
possible  that  some  fine-grained  materials  were  washed  from  fractures,  permitting  the 
flow  to  increase. 

The  area  around  Sta.  62+50  was  somewhat  blocky  and  showed  a  few  damp  spots  and 
one  very  slow  drip.  To  tie  together  the  individual  rock  blocks  and  prevent  loosening, 
three  spot  rockbolts  were  placed  in  the  area.  Water  flowing  at  approximately  6  gpm 
was  encountered  while  drilling  one  of  the  bolt  holes,  and  this  hole  continued  to  flow 
throughout  construction.  The  adjacent  bolt  holes  produced  no  water,  although  length 
and  attitude  were  similar. 
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The  TIingit  Shear  Zone  produced  the  largest  single  source  of  water  flow  in  the  Crater 
Lake  Stage  tunnels,  except  for  the  area  immediately  adjacent  to  the  lake  tap.  Although 
the  shear  crosses  the  tunnel  at  approximately  a  30°  angle  to  the  alignment,  thus 
providing  a  total  exposed  length  of  about  20  ft,  all  of  the  water  issued  from  one  2-ft- 
long  section.  When  first  encountered,  the  fracture  was  full  of  clayey  fault  gouge. 
52  +  75.  Water  flow  started  slowly,  probably  about  5  gpm,  built  up  rather  quickly  to  30 
gpm,  and  then  slowed  to  15  gpm,  where  it  remained  for  essentially  the  length  of  the 
contract.  This  resulted  in  a  fracture  width  of  6  inches  and  a  length  of  2  ft  in  the  upper 
left  section  of  the  tunnel,  halfway  between  the  crown  and  the  springline  at  Sta.  52  +  75. 
Water  was  handled  at  this  location  by  laying  a  sheet  of  plywood  to  deflect  the  water 
and  to  prevent  it  from  running  down  on  the  mucker  operators  as  they  drove  past. 

Groundwater  occurrence  was  minimal  in  both  surge  shaft  and  gate  shaft,  with  the  gate 
shaft  being  exceptionally  dry.  The  water  in  the  surge  shaft  was  the  accumulation  of 
minimal  seeps  and  drips  encountered  over  the  very  high  raise  excavated. 

Water  was  not  a  problem  in  tunneling  upstream  of  the  gate  shaft  (including  the  rock 
traps),  or  in  preparing  the  final  plug  for  detonation,  except  in  the  immediate  area  of  the 
final  plug  and  in  dewatering  the  rock  traps  excavated  below  invert  elevation.  The  water 
accumulation  in  the  rock  traps  was  handled  very  simply  by  air  or  electric  pumps,  or  a 
combination  of  these,  discharging  into  the  tunnel  invert  where  water  flowed  down  the 
invert. 

The  probe  hole  drilling  for  the  final  lake  tap  plug  encountered  several  open  joints 
parallel  to  the  lake  bottom  with  obvious  direct  connection  to  Crater  Lake.  The 
contractor’s  lake  tap  consultants  used  consolidation/cut  off  grouting  to  control  the 
high-pressure  water  and  to  solidify  the  lake  tap  plug.  Flows  into  the  lake  tap  blast 
holes  were  apparently  reduced  by  these  measures. 

After  the  lake  tap  plug  was  prepared  for  blasting,  the  remaining  flow  from  the  tap 
(estimated  at  less  than  100  gpm)  was  channeled  into  an  invert  pipe  upstream  of  the 
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tunnel  lining  at  the  Hillside/Cliffside  Shear  Zone,  diverted  to  the  penstock  area,  and 
released  out  of  the  access  adit  portal.  A  sump  was  excavated  at  the  portal  to  settle 
out  fine  sediment  before  the  water  was  released  into  the  fjord. 


In  summary,  the  volume  and  sources  of  water  encountered  in  the  Crater  Lake  tunnel 
were  approximately  as  anticipated  based  on  preconstruction  investigations. 
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VII.  GROUND  SUPPORT  REQUIREMENTS 


PHASE  I  CONTRACT 

The  Crater  Lake  Phase  I  contract  drawings  and  specifications  provided  for  the  following 
fCui  types  of  ground  support: 

o  Rock  bolts 
o  Chain-link  fabric 
o  Shotcrete 
o  Steel  sets. 

Rock  Bolts 


Rock  bolts  were  the  primary  support  method.  A  total  of  362  bolts,  varying  from  6  to 
15  ft  in  length  and  with  a  combined  length  of  2,386  lin.  ft,  were  installed  in  the  Phase 
I  construction.  Early  in  the  project,  the  contractor  installed  1 -inch-diameter  Dywidag, 
Grade  60  rock  bolts  and  tensioned  them  to  20,000  lbs  using  a  center-pull  jack.  The 
bars  were  received  in  60-ft  lengths  and  cut  to  the  specified  size.  This  method  proved 
too  time  consuming  for  installation,  and  the  contractor  requested  a  change  to  torqued 
bolts.  This  request  was  approved  on  condition  that  the  contractor  demonstrate  the 
ability  to  tension  the  bolts  to  the  specified  requirements.  This  was  demonstrated 
satisfactorily.  The  torqued  bolts  were  1-1/8  inch-diameter  (#9  rebar),  Williams,  Grade 
60  rock  bolts,  6  and  8  ft  long,  with  machined  threads.  All  bolts  were  installed  in  holes 
that  were  a  maximum  of  1  /4  inch  larger  in  diameter  than  the  bolt.  The  bolts  were  6 
inches  longer  than  the  hole  (e.g.,  a  6-ft  6-inch  bolt  for  a  6-ft  hole)  to  provide  the  thread 
required  for  tensioning. 

Polyester  resin  cartridges  provided  the  anchorage  for  both  types  of  bolts.  The  back 
of  the  hole  contained  two,  fast-set,  12-inch-Iong  cartridges  with  a  set  time  of  1  to  2  min. 
The  remainder  of  the  hole  was  filled  with  cartridges  which  set  up  in  20  to  25  min.  For 
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example,  in  an  area  requiring  an  8-ft  bolt,  an  8-ft  hole  would  be  drilled,  an  8  ft  6  inch 
bar  would  be  used,  and  two  fast-set  and  six  slow-set  cartridges  would  be  used  for 
anchoring.  This  method  permitted  the  bar  to  be  tensioned  after  the  fast-set  cartridges 
set  up,  and  still  provided  the  full-length  encapsulation  necessary  for  long-term  protection 
and  load  distribution.  The  Williams  bolts  were  tensioned  with  a  calibrated  torque 
wrench.  Tension  pull  tests  were  conducted  on  five  Williams  and  one  Dywidag  bolt 
randomly  selected  for  this  purpose.  All  the  bolts  proved  to  be  satisfactory  and  no 
additional  pull  tests  were  performed. 

The  specifications  required  that  all  rock  bolts  be  installed  within  5  ft  of  the  face,  before 
drilling  the  next  round.  However,  early  in  project  construction  it  was  recognized  that 
two  types  of  rock  bolt  support  were  required  in  this  generally  excellent  quality  rock. 
One  type  was  the  immediate  support  needed  if  the  tunnel  encountered  ravelling  or  very 
blocky  rock.  The  second  type  was  long-term  support  for  areas  where  there  was  a 
potential  for  continuing  stability  problems  due  to  adverse  discontinuity  orientation  or 
frequency.  For  the  areas  requiring  immediate  support,  the  bolts  were  installed  at  the 
face  for  the  safety  of  the  miners.  The  long-term  support  requirement,  however,  did  not 
appear  urgent  enough  to  stop  the  contractor’s  mining  operation  in  order  to  install  bolts 
ahead  of  the  jumbo.  Therefore,  these  bolts  were  installed  behind  the  jumbo  as  they 
could  be  worked  into  the  contractor’s  mining  cycle. 

A  third  type  of  bolting  evolved  during  the  course  of  the  project.  This  concerned  areas 
which  eventually  might  require  some  bolts,  but  where  tiie  timing  of  the  bolt  installation 
was  not  significant.  In  fact,  most  of  these  areas  were  not  recognized  until  the  tunnel 
had  been  open  for  several  weeks,  the  face  had  moved  well  away  from  the  area,  and 
some  stress  relief  had  occurred.  However,  early  in  the  project,  the  contractor  had  been 
informed  that  some  supplemental  bolts  might  need  to  be  installed  at  the  end  of 
excavation  and  prior  to  completion  of  the  tunnel.  The  contractor  had  agreed,  because 
bolt  installation  would  not  interfere  with  the  excavation  cycle. 
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Chain-Link  Fabric 


The  specifications  required  that  the  contractor  be  prepared  to  furnish  and  install  No.  6 
gauge,  2-inch  by  2-inch,  chain-link  fabric  as  a  supplement  to  rock  bolts  for  ravelling 
ground  in  the  tunnel.  Chain  link  was  installed  in  the  new  machine  shop  excavation 
across  a  2-ft-wide  shear  zone  which  ravelled.  This  area  was  shotcreted  under  the  main 
contract. 

Steel  Sets 


The  Phase  I  contractor  furnished  10  straight-legged  steel  sets  to  the  project  in  the 
specified  W4  by  13  size.  As  generally  expected  prior  to  construction,  no  ground 
conditions  were  encountered  which  required  steel  sets  in  Phase  I  of  the  Crater  Lake 
Stage. 

Shotcrete 

The  specifications  required  that  the  contractor  apply  wet-mix  shotcrete  as  part  of  the 
ground  support  system.  During  actual  Phase  I  tunnel  driving,  the  application  of 
shotcrete  was  not  needed  for  immediate  support  because  the  rock  was  competent. 
However,  numerous  shears  containing  varying  widths  of  mylonite  and  crushed  rock 
required  stabilization  to  preclude  plucking  and  slow  ravelling  that  could  progress  to 
more  serious  instability.  These  areas  were  mapped  and  designated  for  shotcreting  (see 
Table  2)  with  suitable  overlap  onto  the  adjacent  high-quality  rock.  Most  of  the  zones 
crossed  the  tunnel  at  an  acute  angle. 

Actual  application  of  this  shotcrete  was  delayed  until  completion  of  the  Phase  I 
excavation,  when  it  was  felt  that  an  efficient  shotcrete  operation  would  result  in  a  higher 
quality  product.  Bagged  shotcrete  mix,  a  new  Eimco  wet-mix  pneumatic  shotcrete 
machine,  and  a  previously  Corps-approved  accelerator  (HPS,  manufactured  by 
Gilbertson  &  Co.  Ventures,  Inc.)  were  shipped  in.  Several  problems  were  then 
encountered. 


45 


TABLE  2  D esiqnated  Shotcrete  Areas  -  (Phase  I  Contract) 
Station  Design  Thickness 


Left 

Riant 

finches) 

Remarks 

A16  +  67 

A16  +  73 

4 

No  work;  dry  *a 

74  +  72 

74  +  57 

4 

No  work;  dry 

65  +  55 

65  +  85 

4 

No  work;  damp  * 

60  +  45 

60  +  80 

4 

No  work;  dry 

60  +  22 

60  +  32 

4 

Shotcrete  applied  * 

59  +  65 

59+78 

4 

Shotcrete  applied 

59  +  35 

59  +  65 

4 

Shotcrete  applied 

52^60 

52  +  98 

6 

No  wo+k:  very  wet  * 

51  +85 

52+15 

4 

Nc  work;  w'et  *a 

50  +  98 

51+25 

4 

Shotcrete  applied 

49  +  52 

49  +  80 

4 

Shotcrete  applied 

48  +  35 

48  +  65 

4 

Shotcrete  applied 

47  +  65 

48  +  00 

4 

No  work,  very  wet 

44  +  35 

44  +  85 

4 

Shotcrete  applied 

41+65 

41  +85 

4 

Shotcrete  applied 

39  +  55 

39  +  75 

4 

No  work;  wet 

39  +  00 

38+15 

4 

No  work,  very  wet 

34  +  60 

34  +  80 

4 

No  work:  wet 

33  +  82 

34+10 

4 

No  work:  wet 

31  +  20 

31  +  45 

4 

Shotcrete  applied 

30  +  80 

31  +05 

4 

Shotcrete  applied 

29  +  90 

30+15 

4 

No  work,  dry 

28  +  45 

28  +  60 

4 

Shotcrete  applied 

27+85 

28+  15 

4 

No  work:  dry 

27  +  57 

27  +  87 

4 

No  work;  dry 

25  +  60 

26+02 

4 

No  work;  very  wet 

25  +  40 

25  +  68 

4 

No  work,  very  wet 

19  +  90 

20+20 

4 

Shotcrete  applied 

18+80 

19  +  25 

4 

Shotcrete  applied 

The  width  of  the  designated  areas  varies  from  approximately  6  ft  to  40  ft.  according  to 
the  geology 

a  Areas  noted  as  dry,  damp,  wet,  or  very  wet  during  Phase  I  construction 
may  have  a  different  condition  during  the  Phase  II  Contract 

b  Shotcrete  application  did  not  meet  the  compressive  strength  required 

by  specification  Shotcrete  applied  to  the  crown  was  thinner  than  required 
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Although  initial  panels  of  shotcrete  applied  at  the  portal  area  tested  within  the  specified 
range  of  strengths,  cores  of  the  shotcrete  applied  in  the  tunnel  tested  below  the 
minimum  strength.  Additional  panel  tests  indicated  that  increased  amounts  of 
accelerator  resulted  in  significantly  reduced  ultimate  shotcrete  strengths.  Further,  the 
valving  system  on  the  shotcrete  machine  made  adding  the  proper  amount  of  accelerator 
at  the  nozzle  very  difficult.  In  addition,  the  contractor  attempted  to  shotcrete  above  the 
fan  line  without  removing  the  line.  Because  of  the  acute  angle,  this  led  to  segregation 
of  the  shotcrete  and  unacceptable  volumes  of  rebound. 

Several  areas  within  the  tunnels  were  shotcreted.  (See  geologic  maps  in  Appendix  B 
for  locations.)  However,  because  the  contractor  was  unable  to  determine  the  cause  of 
the  strength  failures  indicated  by  the  in-situ  core  tests,  he  proposed  that  no  payment 
be  claimed  for  the  completed  work  and  that  the  remaining  shotcrete  work  be  deleted 
from  his  contract.  The  government  paid  a  percentage  of  the  unit  cost  for  the  placed 
shotcrete  that  would  be  functional.  There  was  no  further  use  of  shotcrete  during  the 
Phase  I  contract  because  there  was  no  indication  that  the  contractor  would  be  able 
to  meet  the  specifications,  and  also  because  the  follow-on  contract  for  Phase  II  included 
shotcrete. 
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PHASE  II  CONTRACT 


The  same  types  of  ground  support  were  specified  in  the  contract  for  Phase  II  work  as 
for  Phase  I.  These  were  rock  bolts,  chain-link  fabric,  shotcrete,  and  steel  sets.  In 
contrast  to  Phase  I,  all  available  types  of  supports  were  used  in  the  second  contract. 

Rock  Bolts 


Again,  rock  bolts  were  the  primary  support  method  and  were  used  extensively 
throughout  the  duration  of  the  rock  excavation.  The  log  of  rock  bolt  placements  for 
Phase  II,  summarizing  the  number,  location,  and  length  of  bolts,  was  prepared  by  the 
Contractor  and  is  on  file  with  the  Corps  of  Engineers 

The  contractor  used  both  Dywidags  and  Williams  rock  bolts.  However,  most  of  the 
bolting  was  performed  with  the  Dywidags.  The  Williams  bolts  were  government- 
furnished,  1 -inch-diameter,  Grade  60,  8-ft-long,  and  machine  threaded.  The  Dywidag 
bolts  were  the  contractor’s  own  procurement,  1  -inch-diameter.  Grade  60,  and  20  ft  long 
for  cutting  to  length  as  required. 

The  contractor  preferred  placing  Dywidags  since  they  were  rotated  left-hand  into  the 
resin  cartridges  using  regular  drilling  tools.  The  majority  of  the  bolts  were  6  ft  or  8  ft 
long  with  some  longer. 

As  in  the  Phase  I  work,  polyester  resin  cartridges  were  used  to  anchor  the  permanent 
bolts  in  the  tunnel.  However,  the  contractor  was  permitted  to  use  "split  set"  rock  bolts 
just  upstream  of  the  concrete  plug  because  this  area  would  receive  a  concrete  lining. 

Steel  Sets 

Steel  sets  were  placed  in  the  Phase  II  work  after  the  power  tunnel  excavation  entered 
the  Hilltop-Cliffside  Shear  zone.  Rock  bolts  with  shotcrete  overlay  were  recommended 
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to  the  Corps  by  the  on-site  L&A  representative.  However,  the  contractor  did  not  have 
an  approved  shotcrete  available  and  was,  therefore,  in  nonconformance  with  the 
specifications. 

A  portion  of  the  right  rib  that  had  been  bolted,  but,  which  was  without  a  shotcrete 
cover,  sloughed  into  the  tunnel  leaving  a  void  in  the  wall  about  4  ft  deep.  Mylonite 
seams  bordered  the  slough  area,  and  steel  sets  were  chosen  to  restrain  the  area. 

Straight-legged  W4  by  13  steel  sets  were  erected  in  the  area  and  lagged  with  3-inch 
fir  lagging  and  wedges.  Only  the  immediate  area  of  the  slough  was  taking  load,  and 
if  shotcrete  had  been  available,  it  is  probable  that  no  steel  sets  would  have  been 
required. 

Shotcrete 


In  the  Phase  II  work  shotcrete  was  placed  in  several  different  areas  with  varying 
degrees  of  success.  The  first  placement  of  shotcrete  was  to  provide  support  for 
fractured/sheared  material  encountered  during  power  tunnel  excavation.  The  last 
placement  of  shotcrete  was  in  areas  of  the  power  tunnel  designated  as  needing  repair 
in  Phase  I,  but  which  were  not  successfully  repaired  then,  and  also  in  some  areas  of 
the  service  room  access  tunnel. 

Two  different  pre-packed  shotcrete  mixes  were  used  by  the  Phase  II  contractor.  The 
first  was  packaged  in  100-lb  bags  and  did  not  result  in  an  acceptable  product.  The 
second  was  packaged  in  3,000-lb  bags  and  gave  very  good  results.  These  mixes  are 
described  in  Section  X. 

The  problems  involved  with  the  shotcrete  initially  proposed  and  attempts  at  its  use  are 
discussed  in  detail  in  Section  IV  under  the  discussion  of  the  Hilltop-Cliffside  Shear  Zone. 
Shotcrete  was  used  successfully  in  the  machine  shop  area  where  it  was  applied  in  the 
shear  zone  exposed  during  Phase  I  excavation. 
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The  placement  of  the  second  type  of  shotcrete  proceeded  with  few  difficulties.  It  was 
initially  used  to  cover  the  small  exposed  shear  zones  in  the  service  room  access  adit, 
and  was  used  extensively  to  cover  the  problem  areas  shown  in  Table  2.  The 
preparatory  work,  cleaning  the  surface  and  diverting  water,  was  according  to 
specification,  and  the  subsequent  placement  reflected  the  quality  of  work.  The  surface 
was  washed  with  a  high-pressure  water  jet.  In  areas  of  seepage,  holes  were  drilled, 
flexible  pipe  was  installed,  and  quick-set  grout  was  used  to  seal  the  pipes.  This 
treatment  was  effective  in  eliminating  most  water  problems. 

Shotcrete  placement  at  the  Phase  I  areas  listed  in  Table  2  was  acceptable.  The 
nozzlemen  were  experienced  and  used  good  technic  jes.  The  nozzle  was  consistently 
oriented  near  perpendicular  to  the  surface  of  the  rock  and  held  about  4  ft  from  the 
rock.  The  lower  levels  were  shot  from  the  invert,  and  the  upper  portions  were  applied 
from  a  wooden  planked  platform  constructed  over  the  bed  of  a  mine  truck. 

The  shotcrete  was  mixed  outside  of  the  tunnel  and  then  transported  to  the  nearest 
muck  bay  using  air-rotated  agitator  trucks.  After  reagitating  at  the  muck  bay  to 
eliminate  segregation,  the  shotcrete  was  transported  with  a  mucker  to  the  shotcrete 
pump.  Shotcrete  was  batched  in  1 .5-yd  increments  to  ensure  placement  within  the  time 
specified. 

Figure  A-12  summarizes  shotcrete  placement  in  Phase  II  area  including  dates,  quantities 
of  shotcrete  and  accelerator,  and  comments.  Procedures  for  placement  was  as 
described  for  the  Phase  I  shotcreted  areas. 

Supplementary  rTunnel  Plug  Area) 


The  contractor  asked  to  use  split  sets  and  strapping  (mine  ties)  as  supports  in  the  final 
tunnel  plug  enlargement.  These  were  approved  by  the  Corps  with  L&A’s  concurrence 
because  the  area  was  to  be  lined  with  concrete. 


VIII.  GROUTING 


No  grouting  was  done  during  the  Phase  I  construction. 

The  Phase  II  construction  included  grouting  in  the  following  four  areas: 
o  Water  control  grouting  at  the  lake  tap  area 

o  Crown/contact  grouting  of  the  tunnel  lining  upstream  of  the  gate  shaft 
o  Crown/contact  grouting  at  the  gate  structure 

o  Consolidation  grouting  and  crown/contact  grouting  of  the  tunnel  plug  area. 

All  grouting  was  done  in  conformance  with  Contract  Specification,  Section  2E,  with  a 
mix  design  in  conformance  with  Figure  A- 13  which  shows  the  relation  of  expansion  to 
water/cement  ratio.  A  Febgrout  percentage  of  0.75  percent  was  used  for  all  grouting 
because  it  most  nearly  centered  an  area  between  the  allowable  3-percent  to  5-percent 
expansion  for  water/cement  ratios  of  1.0  to  4(-i-). 

LAKE  TAP  AREA 

At  the  lake  tap  area  grouting  was  done  only  to  reduce  water  flow  through  joints  from 
the  lake  bottom  to  the  power  tunnel  area,  and  was  directed  by  the  contractor’s  lake  tap 
consultants.  A  series  of  holes  was  drilled  around  the  plug  area  and,  they  were  high- 
pressure  grouted.  Several  grouts  were  used;  neat  cement  grout  with  calcium  chloride; 
a  sand-cement  grout;  and  even  a  cement  grout  with  horse  feed  as  a  swelling  additive. 
Pressures  of  up  to  100  psi  were  used  to  overcome  the  pressure  of  the  full  lake  head. 
This  grouting  was  not  done  in  conformance  with  the  Corps  of  Engineers  specifications, 
but  was  varied  by  the  consultants  to  meet  the  encountered  conditions. 
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TUNNEL  LINER 


The  tunnel  liner  in  the  area  from  Sta.  10  +  70  to  Sta.  9+10  was  contact  grouted  to 
ensure  that  voids  between  the  concrete  liner  and  the  rock  surface  were  filled.  In  this 
area,  segments  of  steel  grout  pipe  were  placed  at  locations  that  would  best  fill  the  deep 
overbreak  and  fallout  areas  of  the  crown  and  rock  walls.  These  pipes  were  placed  at 
various  locations  from  invert  to  crown,  as  required,  prior  to  concrete  placement,  and 
were  cut  to  fit  between  the  inside  face  of  the  concrete  and  the  face  of  the  rock. 
Grouting  was  accomplished  using  neat  cement  grout  with  water/cement  ratios  ranging 
from  5:1  to  1:1.  Pressure  never  exceeded  10  psi,  and  the  total  grout  take  was  2.5  cu. 
yds. 

GATE  STRUCTURE 

Grouting  at  the  gate  structure  was  performed  in  a  manner  similar  to  that  for  the  tunnel 
lining  area,  except  that  grout  pipes  were  not  provided  below  the  springline.  The  rock 
in  the  area  was  excellent  quality,  and  the  excavation  very  close  to  the  design  line.  The 
grout  pipes,  therefore,  were  placed  basically  as  detailed  on  the  original  design  drawing, 
and  grouted  after  the  concrete  was  placed.  (See  Figure  A-14.) 

The  ends  of  grout  pipes  (at  the  rock  face)  were  cleaned  with  a  jack-leg  percussion  drill 
to  ensure  a  good  interface  between  the  concrete  and  the  rock.  Grout  was  placed 
through  packers  in  grout  pipes,  working  from  the  lowest  elevations  to  the  highest. 

The  upstream  portion  of  the  gate  structure  from  the  upstream  face  of  the  concrete  to 
the  shaft  lining  required  considerably  more  grout  than  the  downstream  portion  (from  the 
shaft  lining  to  the  downstream  face  of  the  concrete).  The  grout  was  pumped  at  just 
a  few  psi  above  that  necessary  to  overcome  static  head  at  the  location  being  grouted. 
At  all  locations,  the  grout  was  mixed  at  5:1,  water  to  grout,  by  volume. 
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Upstream  of  the  gate,  the  shaft  lining  took  10  cu  ft  of  grout,  with  grout  flowing  readily 
from  the  packed  grout  holes  along  the  interface  between  the  concrete  liner  and  rock 
to  the  upstream  face  indicating  a  definite  void  at  the  apex  of  the  lining.  The  area  was 
pumped  twice,  with  the  grout  from  the  first  pumping  allowed  to  set  while  the 
downstream  portion  was  grouted,  and  then  repumped. 

The  downstream  portion  of  the  lining  was  very  tight  against  the  rock,  taking  only  a 
approximately  5  cu  ft  of  grout  to  fill  the  overhead  concrete-rock  interface.  The  grouting 
proceeded  in  classic  textbook  manner,  with  grout-flow  returning  from  the  next  hole  in 
the  sequence  as  grouting  progressed  from  the  lowest  elevation  hole  to  the  highest. 
Grouting  continued  progressively  uphill,  filling  the  overhead  void  hole  to  hole.  The  last 
pumping  was  to  the  highest  overhead  hole,  which,  after  showing  grout  return,  was 
valved  off.  Grouting  continued  until  pressure  started  to  rise  at  constant  flow.  This 
occurred  almost  immediately. 

The  downstream  portion  of  the  lining  is  more  critical  than  the  upstream  portion, 
because  it  is  in  the  dewatered  area  when  the  gate  is  closed  and  is  subject  to  horizontal 
thrust  from  the  closed  gate.  The  effectiveness  of  grouting  in  this  critical  area  was  an 
especially  important  accomplishment. 

TUNNEL  PLUG  AREA  (CONSOLIDATION /CUT  OFF  GROUTING) 

The  tunnel  plug  area  (see  Figure  A-15)  and  the  adjacent  upstream  area  required 
consolidation/cut  off  grouting  prior  to  concrete  placement,  and  crown  grouting  after 
lining  and  plug  placement. 

Consolidation/cut  off  grouting  started  with  a  curtain  at  Sta.  69  +  18  and  proceeded 
upstream  to  incorporate  seven  rings.  Rings  were  located  at  Sta.  69+18,  Sta.  68  +  80, 
Sta.  68+10,  Sta.  67+85,  Sta.  67  +  70,  Sta.  67+55,  and  Sta.  67+25.  The  grout  holes 
at  Sta.  69+18  and  Sta.  68+10  were  placed  perpendicular  to  the  tunnel  centerline.  All 
holes  upstream  of  that  were  placed  at  an  angle  of  approximately  40°  to  the  tunnel 
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centerline.  The  grouting  was  done  according  to  the  contract  requirements  and  went 
smoothly.  However,  the  hours  it  took  to  conduct  both  pressure  testing  and  grouting 
far  exceeded  those  assumed  in  the  contract  for  pay  item  quantities. 

Grouting  was  done  with  a  duplex-displacement  grout  pump  pumping  from  a  30-cu  ft, 
continuously  agitated  holding  tank,  which  received  intermittent  batches  from  a  mixing 
tank.  The  discharge  line  from  the  pump(s)  was  teed,  with  one  line  returning  to  the 
agitator  tank  and  the  other  line  going  to  a  manifold  for  connecting  lines  to  various  holes 
being  pumped.  Both  of  these  lines  were  valved  so  that  the  amount  of  flow  either 
recycled  or  discharged  to  grout  holes  could  be  controlled.  Adjusting  the  two  valves 
simultaneously  allowed  adjustment  in  flow  and  pressure. 

A  certified  gauge  reading  from  0  to  100  psi  was  located  downstream  from  the  discharge 
valve.  Measuring  the  height  differential  between  the  gauge  and  the  hole  being  pumped 
allowed  computation  of  the  pressure  at  the  hole  connection. 

The  typical  pumping  procedure  involved  setting  Pump  No.  1  at  its  lowest  speed,  and 
then  using  valves  1  and  2  to  direct  grout  flow  and  establish  pressure.  With  the  grout 
line  connected  to  a  grout  hole  using  a  rubber  packer,  the  valve  on  the  grout  supply  line 
was  opened  fully,  and  the  pressure  was  regulated  by  throttling  flow  through  the  valve 
on  the  line  returning  to  the  agitator  tank,  therby  varying  the  amount  of  grout  bypassed 
and  returned  to  the  agitator.  Pump  No.  2  was  never  used,  but  was  kept  on  standby. 

Holes  were  washed  and  pressure  tested  with  clear  water  prior  to  grouting,  and  the 
pressure  test  results  were  used  as  a  guide  for  grouting.  Flows  were  established  from 
the  recorded  volume  change  in  the  agitator  tank  for  a  specific  time  interval,  usually  5 
to  10  minutes.  At  all  holes,  grouting  was  terminated  when  grout  take  became  less  than 
1  cu  ft  of  solids  per  hour. 

The  results  of  the  consolidation/cut  off  pressure  testing  and  grouting  are  recorded  in 
the  grout  curtain  summaries  in  Appendix  G  that  follow  (Figures  G-1  through  G-8  ). 


These  summary  figures  show  quantities  of  grout  taken,  as  well  as  time  pumped,  for 
each  hole  at  each  ring.  The  consolidation/cut  off  grouting  was,  from  all  indications, 
effective.  As  the  summaries  show,  grouting  was  completed  in  accordance  with  the 
original  plans  and  specificiations  and  with  few  complications.  Pressure  tests  of 
supplementary,  split-spaced  holes  always  indicated  tight  rock  conditions  before  grouting 
was  completed  in  any  area. 

The  first  two  rings  and  the  apex  of  the  tunnel  plugs  (Sta.  69 -(-18  and  Sta.  68-1-8O)  took 
minimal  grout  quantities  except  for  holes  7  and  9  at  Sta.  69 -(-18  and  holes  5,  7,  and 
14  at  Sta.  68-f-80.  Supplemental  holes  drilled  adjacent  to  these  (designated  with  an  "A" 
following  the  number)  showed  by  their  refusal  to  accept  grout  that  the  first  grouting  was 
probably  successful. 

The  driller's  logs  for  holes  1  and  2  at  the  grout  curtain  at  Sta.  68 -(-10  indicated  a  soft, 
fractured  zone  approximately  20  ft  from  the  rock  surface,  and  the  grout  take  reflected 
this.  The  supplementary  hole  here  (1A)  showed  minimum  take.  The  grout  holes  in 
the  left  wall  were  parallel  and  intercepted  a  set  of  fractured  rock  joints.  They  showed 
considerable  grout  take,  particularly  holes  6,  10,  14,  and  16.  However,  supplementary 
holes  here  (14A  and  16A)  indicated  effective  initial  grouting. 

Considerable  grout  was  taken  by  holes  3,  5,  9,  11,  and  13  at  Sta.  67 -(-85.  Split¬ 
spaced  supplementary  holes  (3A  and  11  A)  were  quite  tight. 

The  overhead  holes  (19  and  20)  at  Sta.  67  +  55  took  large  amounts  of  grout  and 
produced  flowing  water  under  pressure  during  both  initial  and  follow-up  grouting.  (The 
static  pressure  of  water  in  the  holes  was  45  psi.)  The  holes  continued  to  take  grout 
during  supplementary  grouting  and  grouting  was  terminated  at  the  minimum  requirement 
of  less  than  1  ft^  of  solids  per  hour. 

The  grout  curtain  at  Sta.  67 -(-25  (with  supplemental  holes  at  Sta.  67-f30)  did  not  take 
great  quantities,  except  for  holes  4  and  20.  A  considerable  amount  of  grout  was  lost 
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to  surface  leaks.  Probably  less  than  half  of  the  33.0  ft^  of  grout  pumped  actually 
penetrated  into  the  hole.  Supplementary  holes  showed  all  areas  significantly  tighter 
after  initial  grouting. 

Although  the  consolidation/cut  off  grouting  in  the  tunnel  plug  area  was  completed 
according  to  specifications  and  used  the  best  possible  techniques  and  procedures, 
water  leakage  from  the  rock  was  reduced,  but  not  totally  eliminated.  Therefore,  it  must 
be  assumed  that  there  are  fractures  in  this  highly  broken  shear  zone  that  have  not 
been  completely  sealed,  even  with  these  careful  techniques.  If  water  can  leak  into  the 
tunnel,  it  must  have  some  pathway  to  the  ground  surface.  Because  this  zone  will  be 
subjected  to  almost  the  full  hydraulic  head  of  the  project,  careful  monitoring  for  leakage 
will  be  required  after  the  tunnels  are  filled  and  the  project  is  operating. 

TUNNEL  PLUG  AREA  (CROWN/CONTACT  GROUTING) 

Contact  grouting  between  the  rock  wall  surface  and  the  outer  concrete  surface  of  the 
tunnel  plug  was  begun  at  1256  hrs  on  24  October  1988.  Subsequent  contact  grouting 
for  the  interface  between  the  steel  penstock  and  the  tunnel  plug  contact  was  done  on 
30  October  1988.  The  contact  grout  was  mixed  in  accordance  with  the  chart  prepared 
by  The  Corps  of  Engineers’  Troutdale  Laboratory  using  a  0.75  percent  additive  to  give 
3  to  5  percent  expansion  for  1:3  to  1:5  mix,  as  shown  on  Figure  A-13.  The  cement 
used,  however,  was  bulk  cement  and  not  the  cement  tested  with  the  Febgrout  by 
Troutdale  Laboratory  because  the  tested  cement  was  not  available. 

The  same  grouting  equipment  was  used  for  the  rock/concrete  interface  as  had 
previously  been  used  for  consolidation  grouting;  however,  a  hand  grout  pump  was  used 
for  the  contact  grouting  between  the  penstock  liner  and  the  tunnel  plug  concrete.  This 
pump  was  adequate  because  virtually  no  grout  was  taken  in  this  process. 

The  contact  grouting  of  the  rock/concrete  interface  at  the  tunnel  plug  was  begun  by 
pumping  into  the  2-inch-diameter  supply  line  on  the  left  (looking  upstream),  which  had 
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been  cast  into  the  plug,  in  accordance  with  the  design.  After  grout  was  returning  in 
the  left-fiand  return  line,  the  line  was  closed,  and  pumping  continued  until  grout 
returned  in  the  right-hand  supply  line.  The  right-hand  supply  line  was  then  valved  off 
until  grout  was  flowing  from  the  right-hand  return  line.  After  this,  the  right-hand  supply 
line  was  reopened  and  full  grout  flow  verified.  At  this  time,  the  pump  was  connected 
to  both  right-  and  left-hand  supply  lines  and  pumping  continued.  No  air  vent  return  line 
was  provided  in  the  design.  This  would  have  been  of  no  value  since  the  line  was  within 
the  concrete,  and  air  could  not  get  to  it. 

Pumping  on  both  supply  lines  was  initiated  at  20  psi.  The  maximum  pressure  required 
to  reach  the  top  of  the  highest  concrete  at  Sta.  68  +  80  was  approximately  17  psi  above 
the  pressure  at  the  discharge  manifold  (using  a  density  of  approximately  90  pcf  for  2:1 
water/cement  mix).  The  intake  line  was  changed  as  quickly  as  possible,  but  seepage 
of  grout  from  the  downstream  face  of  the  plug  was  noted  shortly  after  pumping  began, 
and  sealing  was  attempted  with  rags  and  lead  wool. 

Pumping  was  interrupted  at  2057  hrs  when  it  was  determined  that  no  flow  was 
occurring.  There  was  a  plug  in  the  pump  intake  line,  and  neither  pump  could  be  used. 
The  intake  line  was  changed  as  quickly  as  possible,  but  the  pump  was  down  until  2205 
hrs.  At  approximately  2130  hrs  the  supply  and  return  lines  on  both  sides  were  allowed 
to  drain  back  to  avoid  initial  set  in  the  manifolding.  Pumping  was  resumed  at  2205  hrs, 
and  tfie  same  startup  procedure  was  repeated  to  purge  the  manifold. 

Pumping  was  continued  until  0023  hrs,  (the  morning  of  the  next  day)  during  which  time 
a  very  heavy  flow  of  grout  continued  from  the  interface  between  concrete  and  rock  at 
the  tunnel’s  downstream  face  (Sta.  69+50).  At  0023  hrs  the  valve  between  the  pump 
and  the  grout  connection  was  closed,  and  the  grout  was  allowed  to  set  without  being 
pumped  until  0120  hrs.  This  allowed  an  initial  set  to  see  whether  a  seal  would  develop 
at  the  downstream  face.  The  pressure  dropped  back  and  remained  at  10  psi  during 
this  time. 
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Pumping  was  renewed  at  0133  hrs  at  20  psi  with  a  much  reduced  take.  The 
downstream  face  of  the  plug  was  not  leaking.  Pressure  was  increased  to  25  psi  at 
0230  hrs,  but,  when  leakage  started  again  on  the  downstream  face,  the  pressure  was 
dropped  to  20  psi  and  held  there  as  the  leakage  stopped.  The  mix  was  thickened  to 
a  2:1  mix;  however,  very  little  of  it  was  pumped  from  the  agitator  tank,  since  the  grout 
take  was  rapidly  decreasing.  The  rate  of  grout  pumping  rapidly  declined  between 
0230  hrs  and  0330  hrs,  and  was  at  refusal  between  0330  and  0400  hrs.  Grouting 
stopped  at  0422  hrs. 

It  is  our  understanding  that  the  basic  design  for  the  concrete  plug  came  from  the 
Dworshak  Dam  Project  which  had  a  similar  type  of  tunnel  plug  contact  grouting  system. 
However,  it  was  L&A’s  opinion  that  although  the  grouting  system  reportedly  worked  well 
at  Dworshak,  the  lack  of  a  positive  method  to  check  the  performance  of  the  grout 
system  prior  to  tunnel  filling  constituted  a  potential  problem.  This  problem  was 
confirmed  during  the  initial  tunnel  filling.  More  than  50  gpm  leaked  through  the  plug, 
most  of  it  from  the  contact  between  the  concrete  and  the  rock  above  the  springline 
(See  Section  X). 

Grout  pumping  was  started  in  the  tunnel  lining  upstream  of  tunnel  plug  (Sta.  68  +  75) 
on  the  day  shift  on  25  October  1988.  Table  3  summarizes  this  operation.  (See  Figure 
A-15  for  layout.)  It  proceeded  upstream  from  the  interface  between  the  tunnel  plug  and 
the  tunnel  lining  to  the  upstream  end  of  the  tunnel  lining.  Grouting  in  this  area  involved 
pumping  from  downstream  holes  (at  lower  elevation)  to  upstream  holes,  and  plugging 
off  the  holes  upstream  as  they  showed  flow  of  grout.  The  pump  hole  location  was 
moved  progressively  upstream  as  the  upstream  holes  showed  grout  flow  and  were 
plugged  off.  Grout  holes  were  pumped  to  refusal  or  to  less  than  1  cu  ft  of  solids  per 
hour.  Approximately  1  wk  after  grout  placement,  all  grout  holes  were  redrilled  to 
provide  liner  drain  holes,  as  required  in  the  contract.  The  following  summary  gives  a 
chronological  account  of  the  grouting  of  the  tunnel  liner.  Approximately  1  week  after 
the  grout  placement,  all  grout  holes  were  redrilled  to  provide  liner  drain  holes  required 
in  the  contract. 
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TABLE  3  Summary  of  Contact  Grouting: 
Upstream  of  Tunnel  Plug  Sta.  68  +  75  To  67  +  40 


Hole 

Number 

Pumoino  Times 

Pressure  at 

Discharae  Manifold  fpsil  Remarks 

25  October  1989 

1A 

0820  To  1245 

45/65 

Grout  show  &  shut  off  @  2A,  IB,  3B, 
5B,  6B  7A,  7B  -  Grout  sample  = 
79#/ftT  8B,  2E,  3E 

2B 

1245  To  1312 

50 

Shut  off  2B  -  No  take 

3A 

1315  To  1327 

50 

Shut  off  3A 

4A 

1330  To  1335 

50 

4B 

1335  To  1346 

50 

Shut  off  4B  /  Reconnect  4A 

4A 

1346  To  1358 

50 

Shut  off  4A 

5A 

1359  To  1410 

50 

Shut  off  5A 

6A 

1413  To  1424 

50 

Shut  off  6A 

8A 

1425  To  1445 

50 

Grout  sample  =  79#/ft^  -  Shut  off  8A 

9A 

1447  To  *  (abort) 

50 

Packer  Failure  -  move  to  9B 

9B 

1447  To  2037 

Grout  show  &  shut  off 

1515  hrs  -  4E,  5E.  6E,  &  7C 
1550  hrs  -  8E 
1555  hrs  -  1 1C 

1610  hrs  -  12C,  13C,  14E,  15E,  &  16E 
1625  hrs  -  12D  &  (2G,  2H,&  21  -  not 
pattern  holes) 

1650  hrs  -  13E 

1740  hrs  -  2C,  4C,  7C,  3D,  5D  &  6D 
1745  hrs  -  17D  (Grout  (a)  78#/ft^) 
1820  hrs  -  18D 
2000  hrs  -  Grout  @  75# /ft^ 

Moving  to  1 1 A 

2045  To  2117  40  No  take  -  shut  off 
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TABLE  3  Summary  of  Contact  Grouting  (Continued) 


Hole 

Number 

Pumoino  Times 

Pressure  at 
Discharae  Manifold 

Remarks 

12A 

2119  To  2139 

40 

No  take  -  switch  back  to  9B 

9B 

2140  To 

40/50 

Pressure  increased  to  50  psi  @  2335 

26  October 

1989 

9B  cont’d 

0030 

50 

Hole  take  <  1  ft^’/hr 

10B 

0040  To  0052 

40 

No  take 

13A 

0052  To  0059 

40 

No  take 

11B 

0102  To  *  (abort) 

- 

Packer  leak  /  switch  to  12B 

11B 

0109  To  0124 

40 

No  take 

11B 

0157  To  0207 

40 

No  take 

13B 

0210  To  0239 

40 

Refusal  /  shut  off 

1C 

0308  To  0322 

40 

No  take 

ID 

0322  To  0335 

40 

No  take  (Grout  sample  (g)  76# /ft'^ 

7E 

0338  To  0347 

40 

No  take  /  shut  off 

9E 

0349  To  0359 

40 

No  take  /  shut  off 

10E 

0400  To  0414 

40 

No  take  /  shut  off 

11E 

0416  To  0425 

40 

No  take  /  shut  off 

12E 

0^27  To  0437 

40 

No  take  /  shut  off 

2D 

0439  To  0450 

40 

No  take  /  shut  off 

4D 

0451  To  0501 

40 

No  take  /  shut  off 

7D 

0511  To  0522 

40 

No  take  /  shut  off 

8D 

0528  To  0538 

40 

No  take  /  shut  off 
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TABLE  3  Summary  of  Contact  Grouting  (Continued) 


Hole 

Number 

Pumoina  Times 

Pressure 

Discharoe  Manifold 

Remarks 

9D 

0543  To  0553 

40 

No  take  /  shut  off 

10D 

0555  To  0605 

40 

No  take  /  shut  off 

11D 

0607  To  0617 

40 

No  take  /  shut  off 

2C 

0619  To  0630 

40 

No  take  /  shut  off 

Shift  Chanoe 

3C 

0653  To  0702 

50 

No  take  /  shut  off 

5C 

0704  To  0717 

50 

Pumped  to  refusal  (1.0  ft^/hr 

6C 

0719  To  0731 

50 

No  take  /  shut  off 

8C 

0732  To  0744 

50 

No  take  /  shut  off 

9C 

0747  To  0758 

50 

No  take  /  shut  off 

IOC 

0804  To  0815 

50 

No  take  /  shut  off 

14A 

0816  To  0826 

50 

No  take  /  shut  off 

15A 

0827  To  0840 

50 

No  take  /  shut  off 

15B 

0845  To  0857 

50 

No  take  /  shut  off 

16C 

0946  To  1012 

50 

Pumped  to  refusal  (0.2  ft^/hr 

13D 

1020  To  1031 

50 

No  tdKe  /  sliut  off 

14D 

1038  To  1047 

50 

No  take  /  shut  off 

15D 

1048  To  1100 

50 

No  take  /  shut  off 

14C 

1107  To  1117 

50 

No  take  /  shut  off 
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TABLE  3  Summary  of  Contact  Grouting  (Continued 


Hole 

Pressure 

Number 

Pumoino  Times 

Discharoe  Manifold 

Remarks 

15C 

1120  To 

50  1140  hrs 

-  changed  mix  to  2-1/2;1 

Grout  show  &  shut  off 

1210  hrs  -  19D 

1245  hrs  -  20C  &  21D 

1247  hrs  -  changed  mix  to  2;1 

1251  hrs  -  Grout  density  @  83#/ft^ 

Grout  show  &  shut  off 

increased  to  60  1320  hrs  -  12E  -  Increase  pressure 

to  60  psi 

30  psi  recorded  on  gage  @  Hole  20D 

Grout  @  24D  /  shut  off 

Hole  20D  showing  35  psi  (1445  hrs) 

Hole  20D  showing  30  psi  (5)  1515  hrs 

1 5C  Continuing  1 549  hrs  -  Grout  @  26D  &  27D  /  shut 

off 

1617  hrs  -  Grout  @  21C  /  shut  off 

increased  to  65  Increase  pressure  to  65  psi  @1617 

hrs 

Hole  20D  -  showing  42  psi  @  1646 
hrs 

Grout  @  84# /ft^  -  1653  hrs 

Increase  pressure  to  70  psi  @  1657 
hrs 

increased  to  70  1703  hrs  -  Grout  @  25C  /  shut  off 
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TABLE  3  Summary  of  contact  Grouting  (Continued _ 

Hole  Pressure 

Number  Pumping  Times  Discharge  Manifold  Remarks 


1713  to  1737  hrs  -  Grout  observed  @ 
13A,  28D,  28C,  23C,  &  6A  /  shut  off 

1732  hrs  -  Hole  20D  shows  44  psi 

1753  hrs  -  Grout  @  5A  /  shut  off 


Shift  Change  @  1853  hrs. 


2022  hrs  -  shut  down  -  clean 
pump/hoses 

2040  hrs  -  Restart  pumping 

2157  hrs  -  moved  gage  from  Hole  20D 
to  Hole  29D  equal  or  similar  to  10  psi 

2256  hrs  -  change  mix  to  1.5:1 

2341  Grout  take  equal  or  similar  to  1 .3  ft^hr 

-  move  to  20D 


20D 

2349  To 

70 

27  October  1989 

20D  cont’d 

0020 

Grout  <  1.0  ft^/hr 

22D 

0030  To  0051 

70 

Grout  <  1.0  ft^/hr 

23D 

0052  To  0102 

70 

No  take  /  shut  off 

29D 

0104  To 

70 

01 1 1  -  Heavy  grout  flow  @  31 D  /  shut 

off 

Grout  flow  @  31 D,  30C,  31 C,  30D, 
0135  33C,  32D,  &  33D  -  shut  off 

0138  hrs  -  Grout  flow  from 
concrete/rock 

interface  @  upstream  end  of  liner 
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TABLE  3  Summary  of  Contact  Grouting  (Continued) _ 

Hole  Pressure 

Number  Pumping  Times  Discharge  Manifold  Remarks 

0227  Shut  down  to  allow  grout  set-up  @ 

upstream  end  of  grout  liner.  Pressure 
reduced  to  25  psi  @  0145  hrs 


16E 

0230  To  0244 

40 

17E 

0245  To  0255 

40 

18E 

0301  To  031 1 

40 

19E 

0314  To  0325 

40 

17C 

0326  To  0342 

40 

29D 

0347  To 

25 

increased 

35 

to 

0511 

increased 

25 

to 

18C 

0514  To  0533 

40 

20E 

0541  To  0551 

40 

21E 

0557  To  0607 

40 

22C 

0611  To  0620 

40 

20E 

0624  To 

Shift  Chanoe  (a)  0630 

0644 

40 

22E 

0647  To  0700 

40 

23E 

0701  To  0713 

40 

22D 

0715  To  0725 

40 

26E 

0727  To  0737 

40 

No  take 
No  take 
No  take 
No  take 

Pumped  to  refusal  <  0.25  ft^  grout 

Repumped  to  check  seal  @  upstream 
end  of  liner  -  Pressure  increased  from 
25  psi  to  35  psi  @  0427  hrs  -  leaking 
restarted  @  end  of  liner  -  Pressure 
reduced  to  25  psi/shut  off 

@  0511  hrs 

No  take  /  shut  off 

No  take  /  shut  off 

No  take  /  shut  off 

No  take  /  shut  off 

No  take  /  shut  off 
No  take  /  shut  off 
No  take  /  shut  off 
No  take  /  shut  off 
No  take  /  shut  off 
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TABLE  3  Summary  of  Contact  Grouting  (Continued) 

Hole  Pressure 


Number 

Pumpino  Times 

Discharoe  Manifold 

Remarks 

27E 

0739  To  0749 

40 

No  take  /  shut  off 

28E 

0751  To  0802 

40 

No  take  /  shut  off 

19C 

0804  To  0817 

40 

No  take  /  shut  off 

24C 

0822  To  0845 

40 

No  take  /  shut  off 

26C 

0846  To  0856 

40 

No  take  /  shut  off 

27C 

0857  To  0907 

40 

No  take  /  shut  off 

29C 

0910  To  0920 

40 

No  take  /  shut  off 

32C 

0922  To  0935 

40 

No  take  /  shut  off 

15C 

0940  To 

40 

increased 

Grout  sample  @  1110  hrs  -  90#/ft' 

1225 

to  70 

Pumped  to  refusal  -  last  hole. 
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IX.  INSTRUMENTATION 


TAPE  EXTENSOMETERS 

During  the  Phase  II  work,  tape  extensometers  were  installed  in  two  areas:  within  the 
tunnel  section  where  it  crossed  the  Hilltop-Cliffside  Shear  Zone;  and  within  the  tunnel 
plug  area  after  it  was  excavated  to  a  final,  large  cross  section.  The  readings  were 
taken  by  the  contractor’s  Quality  Control  personnel. 

The  extensometers  were  installed  in  normal  fashion,  using  a  percussion  drill  to  make 
a  hole  for  the  head  anchor.  The  anchor  holes  in  the  area  of  the  Hilltop-Cliffside  Shear 
Zone  were  drilled  using  a  hand-held  jack-leg  drill  because  nothing  else  was  available 
to  drill  perpendicular  to  the  tunnel  centerline  within  the  standard-sized  tunnel  cross 
section.  The  anchor  holes  in  the  tunnel  plug  area  were  drilled  using  the  jumbo. 

The  readings  in  both  areas  were  of  no  quantitative  value  because  loose  anchors  and 
haphazard  monitoring  made  plots  of  deformation  vs  time  impossible.  An  attempt  was 
made  to  reset  the  loose  anchors;  however,  readings  indicate  that  this  effort  was  not 
successful. 
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X.  TUNNEL  FILLING 


The  tunnel-filling  procedure  was  preceded  by  a  ground  survey  to  establish  the  probable 
drainage  pattern  of  the  surface  area  adjacent  to  the  penstock/power  tunnel, 
downstream  of  the  surge  shaft  location.  This  area  was  felt  to  be  the  probable  location 
of  any  leakage  from  the  power  tunnel.  Appendix  D  describes  the  rationale  and 
procedure  for  this  surveillance. 

Actual  filling  of  the  power  tunnel  was  begun  on  8  April  1989  using  a  tunnel  filling 
procedure  prepared  by  the  Hydraulic  Section  of  the  Corps  Alaska  District.  The  filling 
was  planned  to  occur  in  six  nearly  equal  increments  (lifts)  with  either  Corps  staff  or 
consultants  stationed  at  critical  locations  to  observe  the  effects  of  the  filling.  For  each 
lift,  two  Corps  personnel  were  helicoptered  to  the  service  room  to  operate  the  upstream 
gate,  two  Corps  personnel  were  at  the  tunnel  plug  area  monitoring  a  pressure  gage, 
and  two  representatives  of  L&A  alternately  monitored  the  tunnel  plug/penstock  area 
and  surface  flow  patterns.  Additional  Corps  personnel  were  at  the  access  portal  and 
the  spherical  valve,  and  the  Corps  team  leader  managed  the  group  by  radio  and 
telephone  from  the  powerhouse  control  area. 

The  mountainous  surface  area  above  the  penstock  was  monitored  by  helicopter  using 
a  slow-speed,  back-and-forth  and  up-and-down  pattern  over  the  area  of  concern.  As 
weather  permitted.  The  pilot  and  an  L&A  representativemade  two  flights  per  lift.  In 
addition  to  the  helicopter  monitoring,  continuous  measurements  were  taken  on  the 
weirs  and  culverts  established  to  monitor  the  surface-water  flow  from  the  area  of 
primary  concern. 

During  the  filling  operation,  there  were  no  surface  indications  of  tunnel  leakage,  either 
by  increased  flow  over  the  weirs  and  culverts,  or  by  observed  upland  surface  flows  or 
water  discoloration.  On  the  other  hand,  the  rock/concrete  interface  at  the  downstream 
end  of  the  tunnel  leaked  with  the  first  lift,  with  a  gauge  pressure  at  the  downstream  end 
of  the  tunnel  plug  of  less  than  40  psi.  Leakage  from  the  downstream  face  increased 
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progressively  with  the  water  pressure  increase  until  it  reached  its  maximum,  with  full- 
tunnel  pressure,  of  approximately  50  gpm  (similar  or  equal  to  382  psi  at  tunnel  plug). 
The  quantity  of  flow  from  the  face  was  determined  by  measurement  at  the  weir  set  up 
just  outside  the  access  portal,  which  thereby  measured  the  flow  of  water  from  the 
tunnel  in  the  penstock/tunnel  plug  area. 

In  addition  to  leakage  from  the  downstream  face  of  the  tunnel  plug,  considerable 
leakage  was  occuring  from  cracks  in  the  floor,  walls,  and  roof  of  the  vehicular  service 
tunnel  inside  the  tunnel  plug.  These  leaks  appeared  to  be  coming  from  a  cold  joint  in 
the  concrete,  but  this  is  not  certain  because  details  of  the  concrete  placing  procedure 
in  this  area  were  not  available  to  the  authors.  There  was  no  convenient  way  to 
determine  what  proportion  of  the  leakage  was  coming  from  the  cracks,  and  what  was 
from  the  downstream  face  of  the  plug. 

In  summary,  it  appears  that  leakage  from  the  tunnel  to  the  ground  is  not  of  immediate 
concern,  although  it  could  develop  with  time.  On  the  other  hand,  the  leakage  from  the 
downstream  face  of  the  tunnel  plug  indicates  that  the  contact  grouting,  as  conceived 
and  executed,  has  not  worked  adequately  for  this  project.  Remedial  grouting  should 
be  accomplished.  (See  note  below.) 


NOTE: 

Subsequent  to  the  initial  presentation  of  this  report,  it  was  determined  that,  in  fact,  the 
grouting  system  used  at  Dworshak  was  not  what  was  specified  and  detailed  for 
Snettisham.  The  air  vent  line  was  installed  and  protected  during  concrete  work  to 
ensure  air  release.  Also,  the  grout  was  pumped  uphill  in  stages  from  multiple  grout 
pipe  connections,  rather  than  from  a  single  hook-up.  This  system  precluded  the  grout 
leakage  from  the  downstream  face  as  experienced  at  Snettisham. 


XI.  SUMMARY  AND  RECOMMENDATIONS 


SUMMARY 

The  Crater  Lake  Stage  of  the  Snettisham  Hydroelectric  Project  was  built  between  1985 
and  1989.  The  project  added  31  megawatts  of  non-polluting,  renewable,  electric  power 
for  Juneau,  Alaska,  and  the  surrounding  area. 

Foundation  conditions  for  the  Crater  Lake  Stage  were  excellent,  permitting  the  power 
and  penstock  tunnel  and  the  shafts  to  be  constructed  essentially  unlined.  The  basic 
rock  type  throughout  the  project  is  a  high  quality,  quartz  diorite  gneiss  with  randomly 
spaced,  subparallel,  basalt  dikes.  Two  shear  zones  more  than  50  ft  wide  were 
encountered  and  were  lined  with  concrete  to  eliminate  plucking  and  erosion  during 
operation.  A  dominant,  high-angle  joint  set  striking  N  25°  to  35°  E  was  encountered 
which  essentially  controlled  the  roughness  of  the  tunnel  in  spite  of  the  contractors’  best 
efforts  to  provide  smooth-wall  blasting.  Small  shears  and  closely  spaced  joints  which 
produced  blocky  ground  were  shotcreted  to  assure  that  the  rock  traps  would  not  fill 
prematurely  with  debris  washed  down  the  tunnel. 

Both  of  the  contractors  for  this  project  chose  to  use  the  drill-and-shoot  method  of 
excavation,  but,  due  to  the  high  strength  of  the  rock  and  the  steep  grade  of  the  tunnel, 
they  were  somewhat  re.9tricted  in  the  methods  available  to  them. 

The  use  of  a  Title  II  contractor  (L&A)  to  assist  the  Corps  in  its  "design  as  you  go" 
ground  support  was  very  effective.  As  a  result,  the  project,  for  the  most  part,  used  only 
the  support  which  was  reasonable  for  the  ground  excavated  and  suited  to  the  geologic 
conditions  actually  encountered.  It  has  been  everyone’s  opinion  that  the  savings  to  the 
project  were  appreciable.  The  project  also  benefited  by  the  "as-needed"  availability  of 
the  Title  II  contractors  expertise  on  an  arrangement  which  also  minimized  costs. 
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RECOMMENDATIONS 


The  geotechnical  recommendations  for  the  operation  of  the  Crater  Lake  Stage  are 
minimal,  due  primarily  to  the  overall  excellence  of  the  Snettisham  Project  rock.  The 
recommendations  are  as  follows: 

1.  Continue  to  monitor  the  hillside  south  of  the  powerhouse  for  possible  leakage 
from  the  Crater  Lake  power  tunnel.  Grouting  and  lining  of  the  rock  trap  probably 
reduced  the  potential  for  leakage  to  the  outside  from  this  area.  However, 
because  water  continued  to  flow  into  this  area  through  grout  and  drain  holes 
after  completion  of  construction,  there  is  still  some  open  path  from  the  tunnel  to 
the  rock  mass.  This  was  the  same  area  where  leakage  would  vary  with  the 
outside  weather,  e.g.  three  days  after  a  heavy  rain,  the  flow  would  increase. 
Although  no  hillside  leaks  were  noted  during  the  initial  tunnel  filling,  long-term 
pressurization  could  produce  some  leaks  which  could  erode  joint  and  shear 
fillings.  Periodic  evaluations  of  seepage  from  the  hillside  would  be  prudent. 

2.  Perform  remedial  grouting  through  the  penstock  plug.  (See  note  below)  It  is  our 
opinion  that  the  grouting  system  which  was  designed  to  grout  the  concrete- 
rock  interface  in  the  penstock  plug  did  not  perform  adequately.  Although  the 
leakage  around  the  plug  is  only  50  gpm,  calculations  have  shown  that  the  almost 
1,000  ft  of  hydrostatic  pressure  on  the  plug  will  produce  water  velocities  which 
could  erode  the  concrete.  A  remedial  grouting  program,  such  as  the  one 
provided  to  the  Corps  by  L&A  at  the  time  of  the  tunnel  filling,  should  reduce  the 
leakage  to  an  acceptable  level.  However,  seepage  through  the  plug  should  be 
monitored  for  the  life  of  the  project  to  assure  that  it  does  net  increase. 


Note;  This  work  has  been  performed  under  the  direction  of  the  Corps  of  Engineers. 
According  to  the  Corps,  it  was  effective  in  reducing  the  flows  to  an  acceptable 
level. 
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3.  Inspect  the  power  tunnel  periodically  for  overall  stability  of  the  tunnel.  The 
enclosed  geologic  maps  (Appendix  B)  of  the  excavations  will  provide  a  basis  for 
evaluating  any  changes  which  may  occur  over  time.  The  inspectors  should  be 
ready  to  recommend  remedial  treatment  for  specific  reaches  of  the  tunnels 
including  scaling  loose  blocks,  installing  rock  bolts,  and  applying  shotcrete.  All 
inspections  should  be  made  by  an  experienced  geologist  or  geotechnical 
engineer  accompanied  by  an  experienced  underground  miner  who  could  scale 
down  any  potentially  unstable  rock  encountered  in  the  excavations.  The 
inspections  should  be  performed  6  mo,  18  mo,  3  yr,  and  5  yr  after  completion 
of  the  tunnel,  and  then  every  5  yr  throughout  its  period  of  use.  The  drawdown 
proceeding  the  inspections  should  be  done  slowly  to  avoid  excessivec  stresses 
on  the  tunnel. 

CLOSING  STATEMENT 

LACHEL  &  Associates,  Inc.  has  been  proud  to  be  a  part  of  this  historic  project.  We 
are  proud  of  the  service  provided  to  both  the  Alaska  District,  Corps  of  Engineers  and 
the  contractors  and  workers  who  successfully  built  the  project.  Overall  cooperation 
between  the  various  parties  and  individuals  was  good,  and,  most  importantly,  the  safety 
of  all  participants  was  paramount  in  everyone’s  mind.  Through  more  than  4  yrs  and 
thousands  of  man-hours,  there  was  not  a  single  serious  accident.  This  is  a  record  that 
not  only  L&A,  but  everyone  involved,  should  be  proud  of.  We  sincerely  appreciate  the 
opportunity  to  work  on  this  project. 
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APPENL:/  A 


TEXT  FIGURES 


TEXT  FIGURES 


Figure 

Location  and  Vicinitv  Maos 

A-1 

Project  General  Plan 

A-2 

Power  Tunnel  Plan  &  Profile 

A-3 

Power  Tunnel  Sections 

A-4 

Bedrock  Elevations  and  Lake  Tap  Tunnel  Alignment 

A-5 

Geology  Plan  &  Profile  -  Power  Tunnel 

A-6 

Geology  Profile  -  Penstock 

A-7 

Geology  Sections  -  Lake  &  Gate  Structure 

A-8 

Power  Tunnel  -  Plan  and  Profile  Showing  Rock  Traps 

A-9 

Blast  Pattern  for  Powerhouse  Machine  Shop  Plug 

A-10 

Tunnel  Construction  Progress 

A-11 

Blasting  Plan  Typical 

A-1 2 

Summary  of  Shotcrete  Placement  -  Phase  1! 

A-1 3 

Grout  Mix  Design 

A-14 

Power  Tunnel  Plug  Plan 

A-1 5 

Plan  El.  1040.0’  &  Section 

A-16 

Location  of  Grout  Holes  for  Contact  Grouting  of  Tunnel 
Liner  Upstream  of  Tunnel  Plug 
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GEOLOGIC  MAPS  OF  TUNNELS,  SHAFTS  AND  ADITS 


APPENDIX  B  -  Geologic  Mapping 


Figure  B-1 
Figure  B-2 
Figure  B-3 
Figure  B-4 
Figure  B-5 
Figure  B-6 
Figure  B-7 

Figure  B-8 
Figure  B-9 
Figure  B-10 
Figure  B-11 


Access  Adit  and  Penstock  -  Sta.  68  +  50  to  75+20 
Power  Tunnel  -  Sta.  56+00  to  68  +  50 
Power  Tunnel  -  Sta.  40  +  60  to  56+00 
Power  Tunnel  -  Sta.  28  +  00  to  40+60 
Power  Tunnel  -  Sta.  13+49  to  28+00 
Power  Tunnel  &  Lake  Tap  -  Sta.  13  +  60  to  6+60 
Surge  Tank  Adit,  Machine  Shop  Chamber  and  Adit, 
Penstock  Extension 

Upper  Access  Tunnel  &  Gate  Shaft  Service  Room 
Surge  Shaft  -  0  to  750  ft. 

Surge  Shaft  -  750  to  900  ft.  /  Gate  Shaft  0  to  230  ft. 
Penstock  Plug  Area 
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PHOTOGRAPHS 
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Photo  2:  Drilling  of  the  Crater  Lake  tunnel  portal 


Photo  3;  South  Coast,  Inc.  barge-mounted  camp  facilities 
which  were  floated  to  Snettisham  small  boat  harbor 


Photo  4;  Pacific  Ventures  construction  camp  and  staging  area 


C-2 


Photo  5:  Hydraulic  drill  jumbo  and  Crater  Lake  penstock 
tunnel  face;  note  gneissic  banding  in  rock 


Photo  6:  Crater  Lake  access  tunnel  with  avalance 
shed  portal  structure 
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Photo  7:  Scaling  the  crown  in  the  Crater  Lake  power  tunnel 


Photo  8;  Helicopter  departing  surge  tank  collar  area 
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Photo  9:  South  Coast,  Inc.  ST-8  Scooptrams  used  for  mucking 
the  Crater  Lake  power  tunnel 
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Photo  13;  Grouting  of  the  Crater  Lake  tap  plug  area 
12  ft  from  the  bottom  of  the  lake  under  210  ft  of  water 


Photo  14:  Pumps  and  set-up  during  consolidation 
grouting  in  the  final  tunnel  plug  area 
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Photo  15:  Contractor-designed  grouting  manifold  which  permitted 
simultaneous  grouting  of  six  holes  in  the  lake  tap  plug  area 


Photo  16:  Sounding  the  bottom  of  the  lake  through  the 
ice  prior  to  the  underwater  lake  tap 
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Photo  17:  Norweigan  Laketap  Consultant, 
Finn  Kvingen  on  top  of  ice  plug  upstream 
of  slide  gate  prior  to  plug  completion 


Photo  18:  Firing  the  final  round 
of  the  Crater  Lake  underwater  lake 
tap  from  the  gate  shaft  service  room 
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Photo  19;  Bubbles  in  Crater  Lake  following  lake  tap  blast 


Photo  20:  Instrument  recorders  of  piezometers  monitoring 
water  pressures  in  lake  tap  and  power  tunnel  area 
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Photo  21 :  Monitoring  streamflow  wiers  during  initial 
filling  of  the  Crater  Lake  power  tunnel 


Photo  22:  Crater  Lake  access  tunnel  with  avalanche 
shed  portal  structure 
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APPENDIX  D  -  HYDROGRAPHIC  SURVEILLANCE 


INTRODUCTION 

To  obtain  an  idea  of  where  leakage  might  occur  during  the  filling  of  the  power  tunnel, 
L&A  personnel  physically  walked  the  ground  surface  immediately  above  the  area  of 
the  penstock  and  power  tunnel  up  to  the  location  of  the  surge  tank  on  21  and  22 
November  1988.  This  area  has  the  least  amount  of  rock  cover,  and  the  surveillance 
area  covered  that  portion  of  the  mountain  with  surface  elevations  lying  at  or  below  the 
design  elevation  of  Crater  Lake  (1,020  ft). 

This  work  was  performed  by  Mr.  Harry  Steeves  and  Dr.  Dwayne  Piepenburg  at  the 
direction  of  the  Alaska  District  of  the  Corps  of  Engineers  under  Title  II  contract. 

FIELD  RECCNAISSANCE 

The  surface  area  above  the  penstock/power  tunnel  alignment  upstream  of  the  surge 
tank  was  inspected  and  logged  to  establish  the  location  of  possible  leaks,  as  well  as 
to  estimate  their  probable  drainage  routes.  The  exterior  expression  of  faults  and  jointing 
was  approximated  on  an  aerial  photograph,  and  the  possible  drainage  routes  from  the 
location  of  the  surge  tank  and  below  were  mapped  on  an  aerial  photo. 

The  surface  expression  of  the  faulting  in  this  area  is  shown  on  Figure  D-1.  The  faulting 
orientation  is  typical  of  that  found  throughout  the  project,  and  tends  to  verify  the 
assumed  projections  of  faults  shown  on  the  penstock  profile  drawings  of  the  contract 
drawings. 

The  alignment  of  the  penstock/power  tunnel  was  approximated  on  the  ground  surface 
by  locating  DH-115  and  the  top  of  the  Crater  Lake  surge  shaft.  These  both  lie  on  the 
centerline  of  the  tunnel. 

The  surface  expression  of  a  fault  appears  at  the  ground  surface  adjacent  to  the  surge 
shaft  roof.  The  affected  width  is  probably  as  much  as  100  ft.  It  appears  likely  that  this 
area  could  be  the  extension  of  the  faulted/broken  area  just  upstream  of  the  tunnel  plug. 
The  penstock  profile  suggests  this  extension  also. 


At  least  four  parallel  faults  surface  on  ti  ie  mountainside  downhill  from  the  surge  tank 
area,  and  all  serve  as  natural  water  collectors  and  flow  paths. 

There  are  four  possible  routes  for  surface  flow  from  the  area  investigated.  The  two  flow 
paths  that  are  felt  to  be  the  most  likely  are  designated  "B"  and  "C"  on  Fig.  D-1. 

The  path  designated  "B"  serves  as  the  primary  drainage  for  the  area,  and  incorporates 
flow  from  the  majority  of  the  contributing  fault  lines.  "C"  drains  a  smaller  area,  but 
includes  a  spring  from  under  the  tailings  of  the  Long  Lake  surge  adit  excavation.  This 
spring  may  drain  a  considerable  area  east  of  the  power  tunnel  alignment. 

The  area  designated  "D"  is  not  likely  to  receive  any  leakage  flow  from  the  tunnel,  but, 
for  completeness,  all  flow  from  this  area  (other  than  any  which  goes  to  the  spring 
flowing  to  path  "C")  will  be  channeled  through  the  culvert  designated  as  #6.  Flow  path 
"A"  will  catch  any  leakage  not  caught  by  "B". 

METHODS  ESTABLISHED  TO  MEASURE  FLOW 

Six  monitoring  locations  are  proposed  to  record  ongoing  flows  from  the  hillside  where 
high-pressure  water  may  exit  when  the  power  tunnel  is  filled.  These  are  shown  on 
Figure  D-1.  Two  monitoring  locations  are  wiers,  and  four  are  culverts.  Figure  D-2 
shows  the  form  which  will  be  used  to  record  flow  data,  and  Figure  D-3  shows 
dimensions  of  the  wiers  and  culverts. 

Location  1  intercepts  the  extreme  western  location  of  expected  leakage  flow.  Locations 
1  and  2  together  represent  all  runoff  west  of  that  flowing  into  Location  3.  Location  3 
(at  the  culvert)  intercepts  the  most  probable  drainage  path  for  leakage  west  of  the 
power  tunnel  alignment.  Location  4  measures  most  of  the  drainage  from  the  immediate 
east  side  of  the  power  tunnel  alignment. 

Location  5,  the  wier  at  the  adit  portal,  monitors  the  present  flow  from  leaks  in  the  power 
tunnel.  Location  6  is  a  36-inch-diameter  culvert  at  the  lowest  switchback  in  the  road 
to  Long  Lake  surge  tank  adit.  It  is  included  to  measure  all  remaining  flow  (beyond 
Location  4)  on  the  east  side  of  the  power  tunnel/penstock. 
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APPENDIX  E 


LAKE  TAP  REPORTS 


polarconsult  aiaska,  inc. 

ENGINEERS  •  ARCHITECTS  •  ENERGY  CONSULTANTS 


Department  of  the  Army 
U.S.  Army  Corps  of  Engineers 
Anchorage,  Pouch  898 

Alaska  99506-0898  12th  December  1988 


Contract  DACW  85-85-C-0003  of  18th  December  1984 

A-E  Services,  Title  I:  Lake  Tap  Design 

A-E  Services,  Title  II:  Construction  Inspection 

During  Lake  Tap  Construction 


Lake  Tap  Special i s t  *_s  Short  Summary  of  Events 


The  Assignment 

Polarconsult '  s  lake  tap  specialist  is  Finn  Kvingan,  who  in  the 
following  is  referred  to  as  the  Lake  Tap  Specialist  (The  LTS).  Finn 
Kvingan  assisted  C.O.E.  on  the  project  for  the  lake  tap  in  Long 
Lake,  Snettisham,  phase  I. 

Polarconsult ' s  assignment  relating  to  the  lake  tap  under  Crater 
Lake  covered  by  the  above  contract  comprised  design  and  document 
review  of  a  lake  tap  design  produced  by  C.O.E. ,  detailed  design  and 
description  of  the  tunnel  from  the  gate  shaft  to  the  lake  tap 
approximately  222'  under  the  lake  level,  conceptual  design  of  a 
trash  rack  and  construction  inspection  during  critical  phases  of 
the  construction  work  including  the  lake  tap  firing. 


Design  Review 

The  design  and  dcicument  review  revealed  that  the  plan  chosen  for 
the  lake  tap  was  located  where  the  lake  bottom  was  very  steep,  and 
the  bedrock  was  covered  with  20'  to  25'  of  overburden.  This  great 
amount  of  overburden  consisting  of  boulders,  logs,  coots  and  fine 
grained  material  would  present  the  imminent  risk  of  a  landslide,  if 
the  lake  tap  were  placed  in  this  location,  resulting  in  the  intake 
quickly  being  blocked  by  the  overburden  material. 
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C.O.E.  had  planned  to  remove  this  overburden  by  scraping.  The  LTS 
considered  that  scraping  here  would  be  technically  very  difficult, 
the  operation  would  be  very  expensive  indeed  -  C.O.E.  estimated  a 
cost  of  the  order  of  $  5  million  -  and  a  successful  outcome  would 
by  no  means  be  assured.  Furthermore,  The  [,TS  considered  that  the 
plans  were  based  on  an  unreliable  bathymetric  survey. 

C.O.E.  had  planned  to  execute  the  lake  tap  by  the  wet  method. 


Pola rconsult*s  Proposals 

Following  the  design  and  document  review,  Polarconsuit  submitted 
proposals  for  supplementary  survey  work  and  for  certain  changes, 
viz .  : 

-  Polarconsuit  proposed  that  an  experienced  Norwegian  team  of 
seismic  surveyors  be  brought  in  to  execute  a  seismic  survey  from 
the  lake  ice  with  the  object  of  obtaining  a  reliable  basis  on 
which  to  choose  a  less  risky  location  for  the  lake  tap. 

The  LTS  had  studied  the  hillside  over  the  shoreline  to  picture 
how  glaciers  in  earlier  times  had  moved  and  concluded,  that  the 
chances  of  finding  a  sounder  area  for  the  lake  tap  were  very 
good . 

-  Polarconsuit  proposed  that  the  lake  tap  method  be  changed  from 
the  wet  method  to  the  dry  method.  The  implications  relating  to 
safety,  the  function  of  rocktraps  and  the  maximum  pressure  on  the 
bulkhead  were  discussed  with  C.O.E. 

C.O.E.  accepted  both  of  the  above  proposals. 


Seismic  Survey 

On  January  4th  1986  The  LTS  arrived  with  his  seismic  team,  and  the 
next  day  all  instruments  and  other  equipment  were  brought  up  onto 
Crater  Lake.  It  took  3  days  work  on  the  ice  to  find  a  sound  area 
for  the  lake  tap. 

5  seismic  profiles  were  shot. 

The  selected  lake  tap  area  had  the  correct  depths,  no  overburden 
and  -  as  far  as  could  be  seen  -  there  appeared  to  be  no  danger  from 
landslides  in  this  area. 

The  condition  of  the  rock  was  generally  good  with  some  fracturing 
of  the  top  of  the  bedrock. 
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Poiarconsuit  presented  these  seismic  profiles  with  their  coordi¬ 
nates  to  C.O.E. 


Revised  Design  of  Lake  Tap 

Poiarconsuit  proceeded  to  complete  the  revised  design  for  the 
tunnel  from  the  gateshaft  to  the  lake  tap  including  drawings  and 
descriptions  for  rock  traps,  drill  pattern,  probe  holes  and  pilot 
holes.  The  completed  material  for  use  as  tender  documents  was 
(delivered  to  C.O.E. 

A  conceptual  design  for  a  trash  rack  was  also  produced  by  Poiarcon¬ 
suit. 

The  construction  contract  was  awarded  to  Pacific  Venture,  Inc. 


Inspection  During  Construction  Work 


January  1988 

From  January  23rd  1988  to  the  middle  of  February  The  LTS  was  at  the 
site  monitoring  the  tunnel  driving  to  the  plug  area.  In  this  period 
pilot  holes  and  probe  holes  were  drilled  and  grouting  work  was 
done. 

A  zone  of  weak  rock  crossed  the  area,  where  the  revised  design 
called  for  rock  trap  No.  2.  The  LTS  on  the  spot  designed  a  modified 
rocktrap  No.  2,  which  was  relocated  upstream  of  the  weak  zone.  The 
weak  zone  penetration  was  lined  with  concrete. 


April  1988 

On  April  4th  The  LTS  returned  to  Snettisham.  At  that  time  the  gate 
shaft  was  excavated.  The  drilling  of  the  lake  tap  plug  had  been 
completed.  There  was  plenty  of  water  on  the  face,  but  no  more 
grouting  was  required.  23  of  the  drill  holes  had  to  be  fitted  with 
plastic  pipes.  During  The  LTS's  visit  rock  trap  No.  1  was  exca¬ 
vated  . 


£^*1^  Work  on  Tunnel 

Between  April  1988  and  15th  October  1988  rock  traps  Nos.  2  and  3 
were  excavated,  and  all  other  tunnelling,  service  room  execavation 
and  gate  and  service  installation  work  was  completed. 
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Octobe  r _ 1_^8 

The  LTS  returned  to  Snettisham  October  15th  1988  to  monitor  the 
firing  of  the  lake  tap. 

The  drill  .  holes  in  the  plug  section  were  controlled,  and  more 
plastic  pipes  had  to  be  put  in,  because  the  water  leakage  had 
changed  since  the  last  visit. 

After  a  few  days  with  controlling  all  necessary  equipment  and 
materials  for  the  last  shot,  there  was  a  meeting  with  the  tunnel 
crew. 

At  this  meeting  the  lake  tap  procedures,  the  safety  etc.  were 
discussed. 

It  was  desired  to  start  loading  the  plug  at  midnight  (21-22  Octo¬ 
ber),  but  before  this  time  crushed  ice  had  been  transported  up  to 
the  gate  area,  and  the  ice  plug  was  about  70%  finished  when  loading 
started . 

At  the  same  time  the  firing  cable,  pressure  cells  and  instruments 
were  controlled. 

It  was  a  cold  and  wet  job  for  the  crew,  and  it  took  about  3  hours 
more  than  expected  to  finish  all  the  work  from  start  of  loading -to 
firing  of  the  plug.  The  delay  arose  because  the  el-detonators  had 
to  be  connected  in  4  series  parallel  instead  of  2  series  which  was 
planned,  the  reason  being  that  the  quality  of  the  detonators  was 
not  up  to  the  required  standard. 

At  15  o'clock  all  materials,  pumps  and  crew  were  out  of  the  tunnel. 
The  ice  plug  was  finished  and  both  gates  closed. 

When  the  last  man  from  the  tunnel  crew  climbed  out  of  the  shaft 
into  the  service  room,  and  the  last  measuring  of  the  resistance  for 
the  detonators  was  done,  the  instruments  for  measuring  the  water 
pressure  started. 

3  seconds  later  the  "button  was  pushed"  and  the  sh<?t  went  off. 

After  a  short  time  one  could  hear  a  loud  noise  from  the  bottom  of 
the  shaft  when  air  and  water  changed  places  and  crushed  ice  crashed 
into  the  bulkheads,  as  was  to  be  expected. 

The  highest  pressure  on  the  bulkhead  arose  after  21  seconds  and 
reached  approx.  400  feet  of  waterhead  (report  from  Leif  Vinnogg 
refers ) . 

The  lake  tap  in  Crater  Lake  was  fired  Friday  22.10.88  at  1515  and 
everything  went  as  it  was  planned. 
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Jasfc  after  the  blast  Norwegian  Linje-Aquavit  was  served 
service  room.  This  is  a  Norwegian  tradition  when  a  lake 
fired. 


in  the 
tap  is 


Conunents  after  the  Event 

Instead  of  using  snow  to  build  up  the  snow  plug,  it  was  for  logi¬ 
stical  reasons  deoiled  oo  use  crushed  ice.  A  snow  plug  would  have 
reduced  the  pressure  on  the -bulkhead  by  about  15%.  Crushed  ice  does 
not  have  this  pressure-reducing  effect  on  account  of  the  voids 
between  the  pieces  of  ice. 

On  the  water  side  of  the  lake  tap  plug  the  rock  was  known  to  be 
quite  fractured.  The  open  joints  were  nearly  vertical.  The  LTS 
would  expect  that  within  4'  of  the  bedrock  face  the  intake  will  be 
irregularly  funnelled  with  a  larger  diameter  at  the  bedrock  face. 
This  will  reduce  the  loss  of  head  but  may  cause  problems  for  the 
placing  of  the  trash-rack  frame. 

We  volunteer  the  following  opinions  on  the  work  and  design  seen  by 
our  LTS: 

-  The  excavation  work  in  the  tunnels  and  shaft  was  of  good  quality. 

-  The  concrete  work  was  everywhere  of  a  high  standard. 

-  The  road  bed  in  the  access  tunnel  to  the  gate  shaft  was  rough  and 
caused  transportation  problems. 

-  The  LTS  was  surprized  at  what  he  considered  the  unnecessarily 
high  quality  of  the  gateshaft  construction  and  the  very  large 
size  of  the  service  room. 


Pinal  Inspection  of  the  Drawdown  of  Crater  Lake 

Polarconsult  suggests  that  C.O.E.  might  want  to  consider  a  final 
inspection  visit  by  our  LTS  to  take  place  on  the  occasion  of  the 
first  drawdown  of  Crater  Lake.  During  this  inspection  visit,  he 
could  inspect  the  lake  tap  tunnelling  and  rock  traps  after  the 
event  in  order  to  provide  expert  feed-back  to  C.O.B.  on  safety 
aspects,  and  could  assist  at  the  critical  insertion  of  a  prefabri¬ 
cated  trash  rack  assembly  in  the  lake  tap  orifice. 


We  would  conclude  by  stating  that  working  for  C.O.E.  on  this  pro¬ 
ject  has  been  a  pleasure,  we  have  greatly  appreciated  the  coopera¬ 
tion  we  have  received  from  C.O.E.  personnel.  Finn  Kvingan  has  only 
pleasant  memories  from  Elmendorf  and  Snettisham. 
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We  hope  there  may  be  other  opportunities  to  service  C.O.E.  i 
future  projects,  where  the  experience  of  Norwegian  hard-rock  prac 
tice  could  prove  of  use. 


With  our  b^st  regards 
5£)LARC0NSUyLT  ALASKA,  INC, 


Finn  Kvfngan 
Lake  Tap  Specialist 


RESIDENT  ENGINEER 
Elmendorf  Resident  Office 
P.  0.  Box  898 

Anchorage,  Alaska  99506-0898 

Reference :  Crater  Lake  Main  Contract 

Snettisham  Project,  Alaska 
Contract  No.  DACW85-86-C-001 9 


Dear  Sir, 

During  the  Lake  Tap  your  representatives  agreed  with  the 
Norconsult  representatives  that  rather  than  training  the 
Government  representatives  to  obtain  the  Lake  Tap  readings, 
as  specified  in  Section  13C..7,  Norconsult  would  provide 
copies  of  the  Lake  Tap  read-outs. 

Please  find  attached  Norconsult  letters  of  December  12,  1988, 
and  November  29,  1988,  and  the  Lake  Tap  Monitoring  Report 
dated  October  21,  1988. 


Sincerely  yours  , 


PACIFIC  VENTURIS,  INC. 

Ralph  R.  Mason 


RRM:blb 

Attachment 

cc:  Resident  Engineer  Field  Office  -  Snettisham 


HOMF  OFFICE  700  -  1 19th  Avenue  Northeast.  Suite  207.  Bellevue.  Washington  99004  [208)  455-5506 

MAILING  ADDRESS.  PO.  Box  3407.  Bellevue.  WNr-Migrop  -■'lOnB 


1. 


Norconsult 

.  Consulting  Enginoers 
Architects- 
and  Economists 


Pacific  Venturas  Inc. 
P.O.Box  3407,  Bellevue 
^ASHUCIGN  98009 
U.  6.  A. 


Sandvika,  12  Decenbeor  1988 
L0010006.lv 

Dtt* 

Ourr*)- 
Your  rtf. 


Crator  Lake.  Snettleham  Project.  Alaska 


Dear  Ra^h, 

Concerning  the  “training  of  Govexminent  personnel  in  the  procedure  for 
obtaining  blast  roaoinqs*  i  agree  that  i  pronised  to  send  you  the  blast  read¬ 
outs. 


However,  as  the  original  graphic  recordings  consist  of  a  paper  of  35  re  (113') 
length,  Z  found  it  unpractical  to  copy,  so  I  transferred  the  pressure-tiree 
series  to  tables  and  to  the  graphs  shown  in  the  report.  As  you  are  interested 
in  the  original  recordings,  I  have  copied  the  recordings  from  the  first  80  sec 
(8  roeters  of  peper)  including  the  calibration  signal.  The  taoie  wiM  we 
recorded  pressure-values  are  also  enclosed. 

For  your  information  -  when  I  connected  and  calibrated  the  recording 
instruments  at  the  gate  service  roan,  a  couple  of  engineers  fran  the  Corps  of 
Engineers  were  looking  at  parts  of  ny  work,  if  l  ranerber  correctly,  their 
names  were  Larry  Nelson  and  Itni  Eidson. 

I  hope  this  is  satisfactory,  if  not,  please  contact  roe  again. 

Sincerey  yours 


By 


^  ^  Consulting  Engineers 

»  '  Architects 

.  and  Economists 


Pacific  Ventures 
P.O.Bgoc  3407.  Bellevue 
WASHDCTCN  98004 
USA 


RECEIVED 

DEC  1  3  1988 
PAcinc  ramiREs  me. 


Att.:  Vincent  Volpe' 


Dale  29th  November  1988 

Ovirrel.  L0009026.LV 

Your  rel. 


Snettisham  Project,  Alaska 
crater  Lake 
Lake  Tap  Monitoring 
REPORT _ 


Enclosed  please  find  aur  report  from  the  measurements  at  Crater  Lake.  We  hope 
you  find  the  documentation  satisfactory.  If  you  feel  you  need  more  informa¬ 
tion,  please  contact  us. 

However,  the  lake  tap  successful!  as  far  as  the  measurements  could  tell, 
and  it  was  a  pleasure  to  cooperate  with  your  colleagues  at  the  site. 


Yours  truly 

NORCCNSULT  INTERNATICNAL  A.S. 


j-iir  i/i  i 

Vinnogg 


Enclosures ; 

3  cepies  of  report 
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Pacific  Ventures  Inc. 


Snettisham  Project,  Alaska 
OWaiK  lAKB 


Report  fran 
LAKE  TAP  MamCRING 


OctciDer  21,  1988 
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Plant  description 

The  intake  tunnel  from  the  lake  tap  point  to  the  gate  shaft  is  shewn  in  fig. 
1.  The  intake  reservoir,  Crate  Lake,  was  at  its  natural  surface  elevation 
1019'  (310,6  m)  or  sli^tly  above.  The  lake  tap  point  was  planned  to  be  at 
elevation  820'  (250  ra)  and  the  gate  sill  at  elevation  789'  (240,5  m). 

'Ihe  gate  arrangement  is  shewn  in  fig.  2.  A  wire  operated  bulkhead  gate  with 
upstream  seals  is  used  for  revision  and  the  main  gate  is  a  slide  gate  with 
downstream  seals  and  oilhydraulic  hoist.  At  the  top  of  the  shaft  at  elevation 
1040'  (317  m)  the  gate  machinery  is  placed  in  a  rock  cavern,  "gate  service 
room”.  The  lake  tap  blasting  was  done  with  the  bulkhead  gate  closed  and  air  at 
atmospheric  pressure  between  the  lake  tap  point  and  the  bulkhead.  The  air  acts 
as  an  aircushion  being  corpressed  by  the  floodwave  in  the  first  phase  after 
the  blasting.  The  tunnel  has  three  "rocktraps"  which  are  supposed  to  collect 
recks  transpxjrted  by  the  floodwave,  and  in  addition  the  "traps"  will 
dissipate  a  lot  of  energy  from  the  wave  front,  i.e.  reduce  the  transient 
pressure  rise  at  the  bulkhead.  As  a  special  protection  for  the  txalkhead  a  plug 
of  iceblocks  and  crushed  ice  was  built  in  front  of  the  bulkhead. 


Measuring  eguipnieiit 

Four  pressure  transmitters  were  installed  to  monitor  the  filling  process 
(pjressiire,  time)  after  the  blasting.  They  are  indicated  on  fig.  1. 

no.  1  on  the  upstream  side  of  the  tunnel  lining  at  elevation  799' 
(234,8  m),  fixed  to  a  rock  bolt. 

no.  2  on  the  rock  wall  in  the  Icwer  part  of  rock  trap  3  at  elevation  783' 
(238,7  m),  fixed  to  a  rock  bolt. 
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no.  3  on  the  \ipetreara  side  of  the  concrete  plug  for  the  gate,  i.e.  at  the 
upstream  end  of  the  ice  plug  at  elevation  797'  (242,9  m),  fixed  to  the 
end  of  the  2*  steel  pipe  for  the  signalcables  throu^  the  concrete. 

no.  4  on  the  t«lkhead  front  plate  (1/2*  pipe  threads  in  the  plate)  at 
elevation  793'  (241,7  m). 

The  signal  cable  from  transmitter  no.  1  was  led  through  a  2"  plastic  pipe 
thiou^  the  concrete  lining  and  further  fixed  with  concrete  nails  and  plastic 
strips  to  the  concrete  banquette  covering  the  pemanent  piezometer  pipes.  Freni 
transmitter  no.  2  the  cable  was  fixed  in  the  same  way.  At  comers  and  sharp 
edges  the  cables  were  protected  with  a  quick-hardening  concrete.  Through  the 
concrete  plug  for  the  bulkhead  the  cables  were  led  through  a  2*  steel  pipe 
that  was  sealed  with  groating  material.  The  cable  from  the  transmitter  no.  4 
was  on  the  downstream  side  of  the  bulkhead.  All  four  cables  were  fixed 
together  on  the  safety  cage  of  the  ladder  up  to  the  gate  service  room  vhere 
the  recording  instruments  were  placed. 

Specifications  of  measuring  equipment; 

Pressure  transmitters,  typ>e  Wika  (West  Gentany),  mod.  891.14.520, 

principle :  piezoresistive 

range:  0-17  bar  (0  -  535'  water  head) 

output  signal:  4  -  20  mA 

input  voltage:  24VDC 

linearity  error:  <0,5%  FS 

calibration  sheet  fig.  3 

The  submerged  transmitters  were  sealed  with  silicon  grease, 
vulcanising  tape  and  a  cover  of  ordinary  plastic  tape. 

Cables,  twisted  pair,  2  x  0,52  im«2  (20  AWG)  tinCu,  shilded  and  with  PVC 
jacket. 

Pen  oscillographic  recorder  with  preamplifiers,  type  Graphtec  (Jef»n), 
’Linearcorder*  Mark  VII  NR  3101,  thermal  writing 
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6  channels  (4  used) 
recording  anplitude  40  ran 
naxinura  pe^ier  velocity  500  nm/Bec 
power  sxipply  llOV  AC 

Tape  recorder  Racal  (UK)  "Store  7  DS" 

7  channels  (4  used) 

7  different  tape  velocities 

Ihe  measuring  circuit,  for  each  of  the  4  pressure  transmitters  is  shown  on 
Fig.  4. 


Measuring  results 

The  recorders  were  started  just  before  the  blasting,  the  paper  speed  of  the 
pen  recorder  was  100  nin/sec. 

The  air  pressure  wave  from  the  oq5losion  was  registered  as  a  short  pressure 
{xilse  on  the  transmitters  no.  1,  2  and  3.  From  the  time  delay  between  the 
pulse  on  each  transmitter  and  the  known  distance  a  velocity  of  1000  -  1200 
feet/sec  could  be  calculated.  The  recording  shewed  that  the  pressure  rose  to 
about  30%  above  atmospheric  and  tliis  lasted  for  about  0,1  sec  before  the 
pressure  fell  again. 

Then  the  water  started  to  fill  the  tunnel  and  the  pressure  increased.  After 
5,5  sec.  transmitter  no.  1  was  lost  and  at  18  sec  transmitter  no.  2  was  lost. 
However,  no.  3  and  4  were  recorded  correctly.  The  pressure  peak  vas  reached 
after  21  sec.  and  tlie  peak  was  about  80%  above  the  static  reservoir  level 
related  to  the  gate  level.  Then  4-5  danped  oscillations  were  recorded  with 
decreasing  anplitude  and  period  (18  to  10  sec.)  The  decreasing  periode  was 
caused  by  the  change  In  elastisity  of  the  water-air  mixture  in  the  tunnel  as 
air  escapes  back  into-the  reservoir. 


The  pressure  recordings  are  drawn  on  a  suitable  timescale  shewn  in  fig.  5  and 
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Transmitter  No.  1  shows  a  faster  pressure  rise  than  the  others  because  the 
entrance  to  the  concrete  lining  in  the  tunnel  represents  a  considerable 
restriction  for  the  flow. 

Transmitter  No.  2  shows  a  pressure- time  graph  very  similar  to  No.  and  4,  but 
it  is  partly  damaged  and  the  remaining  signal  has  an  offset  compared  with  the 
stabilised  vater  pressure  fran  Crate  Lake. 

Transmitter  NO.  3  and  4  shews  that  the  pressure  near  the  gate  rises  to  a 
naxinum  level  near  elevation  1200  feet  (365,8  m).  Related  to  the  gate  sill  at 
elevation  789  feet  (240,5  ra)  and  a  pool  surface  level  of  1019  feet  (310,6  m) 
the  relative  pressure  rise  is 

h  =  1200. -...789  ^ 
ho  1019  -  789 

The  actual  recordings  with  time  scale  100  inn/Bec  shew  no  sharp  pressure 
peaks. 


Accuracy  of  the  measurements 

The  pressure  transmitters  were  calibrated  in  our  laboratory  with  a  dead  weight 
nanometer  and  a  digital  precision  anperemeter,  and  the  maximum  deviation  from 
nominal  value  was  0,25%  FS,  see  fig.  3. 

Looking  at  the  recording  of  the  stabilised  water  pressure  (Crater  Lake  level) 
the  following  table  gives  a  conparison  between  measured  and  Ccilculated 
press\ires . 


Transmitter 

no. 

Transmitter 

elevation 

Transmitter 
depth  below 
surface  rfeet> 

Measured  pressure 
(bar)  (feet)  (m) 

Derivation 

2 

783' 

236' 

7.55 

252,6' 

(76,98) 

16,6' 

3 

797' 

222' 

6,68 

223,5' 

(68,11) 

1,5' 

4 

793' 

226' 

6,82 

228,1' 

(69,52) 

2' 

T  •  r 


Ihe  converting  of  the  pressure  ineasureroents  from  bear  to  feet  v»ater  head  is 
shown: 

1  foot  =  0,3048  m 

1  bar  =  10,197  m  vater  head  at  standard  gravity, 
g^j  =  9,807  m/sec^  and  water  density  1000  kg/m^ 

Local  gravity  g^  =  9,818  at  58,5°  latitude. 

Density  of  water  1000,2  kg/nP  at  5°  C  and  4  bar. 

Density  of  edr  1,2  kg/m^  (atmosphere) 

Thus  the  equivalent  local  water  head  is 

1  bar  =10  197  9,807  1000 _  =  10,196  m  water  head  =  33,451' 

9,818  (1000,2-1,2)  =_ 

The  original  gr^hic  recording  has  a  scale  of  2,2  nm/bar  and  it  could  be  read 
with  an  accuracy  of  +  0,1  nm  vrtiich  correspond  to  +  0,045  bar  or  +  1.52’ 
(+  0,46  m) . 

The  tolerances  for  the  transmitters  (+  0,25%  FS)  +  1,34'  (+  0,41  m)  and  for 
the  electronic  part  of  the  graphich  recorder  (+  1%  FS)  +  3,04'  (+  0,93  m)  must 
^Llso  be  accounted  for. 

The  maximum  error  is  the  sum 

^max  =  1/52  +  1,34  +  3,04  =  +  5,9'  (+  1,8  m) 


Prc4>ably  the  error  will  be  within 

fp  =  1,52^  +  1,342  +  3,042  =  +  3.65'  (+  1,11  m) 

Thus  the  transmitter  no.  3  (ice  front)  and  no.  4  (gate)  obviously  have  been 
recorded  with  good  aqcuracy,  but  no.  2  (3rd  rock  trap)  sho*^  an  error  larger 
than  expected.  This  error  is  most  probably  caused  by  the  partial  damage  of  the 
transmitter /cable  indicated  by  the  lost  signal  between  18  sec.  and  65  sec. 
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From  the  recorded  signals  the  lake  tap  mast,  be  considered  as  successful.  The 
inflow  of  water  gave  a  smooth  pressure  rise  graph  without  any  sign  of 
irregularities.  The  filling  time  was  as  esgected  vrtiich  means  that  the  blasted 
hole  had  the  correct  sKlze. 


The  maximum  pressure  rise  at  the  bulkhead  gate  was  80%  above  the  normal  static 
pressure  on  the  gate,  vAiich  ndnially  is  acceptable.  There  were  no  sharp 
pressure  peaks  recorded  on  the  front  plate  of  the  bulkhead,  thus  it  has  not 
been  exposed  to  any  blcws  from  transported  rock  or  wave  shocks.  The  purpose  of 
the  ice  plug  was  bo  prevent  this. 


Sandvika,  14  Novarber  1988 
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APPENDIX  H 


ROCK  TEST  RESULTS 


PJSPOSITION  FORM 

For  uw  o(  ihij  form,  see  AR  340-15;  ifie  proponent  o»ncv  i*  TAGO. 


ReF6RENce  OR  office  symbol 
NPAEN-FM-M 


Crater  Lake*  Rock  Core  Test  Results 


™  NPAEN-FM-G 


NPAEN-FM-M 


31  May  84 

Pekar/jah/2-4435 


1.  Attached  are  the  test  results  for  the  Crater  Lake  rock  core  samples. 


2.  This  completes  all  work  under  this  request. 


1  Incl 


JAMES  W.  PEKAR 

Acting  Chief,  Materials  &  Instrumentation 
Section 


DEPARTMENT  OF  THE  ARMY 
NORTH  PACIFIC  DIVISION  MATERIALS  LABORATORY 
CORPS  OF  ENGINEERS 

At  A  BOX  12A 

TROUTOALt.  OREGON  97060 


ATTN;  NPAEN-FM-M 


25  May  1984 


W.O.  84-SC-576 


Subject:  Report  of  Testa  on  Rock  Cores 


Project:  CRATER  LAKE 

Intended  Use: 

- 

Source  of  Material:  Crater  Lake, 

Alaska 

Submitted  by: 

NPAEN-FM-M 

Date  Sampled: 

Date  Received:  16  Apr  84 

Method  of  Test 

or  Specification: 

ASTM,  CRD.  RTH 

Reference:  a- 

DA  Form  2544  Order 

No.  E86840029  dated  16  Aor  84. 

b. 

Letter  from  the  Robbins  Co.  dated  Jan  19.  1981.  subject  "Sradlev _ 

Lake  Hydropower  Prolect" 

which  included  rock  test  data  nase  to  be  u.sed 

as  data  format. 

c. 

Telecons  with  Del 

Thomas.  Jim  Pekar.  and  Pat  Galbraith  (NPAEN-FM) 

on  12 , 

16.  and  27  Apr,  and  1  and  3  May  84;  wherein,  test  details  were 

discussed,  and  results  were  reported. 

1.  Attached,  conf inning  telecon  data,  are: 

a.  Incl  1,  one  REPORT  OF  DYNAMIC  TESTS  ON  NQ  ROCK  CORES,  summary  sheet. 

b.  Incl  2,  one  REPORT  OF  DIRECT  SHEAR  TESTS  ON  INTACT  NQ  ROCK  CORES,  summary 

sheet . 

c.  Incl  3,  one  graph,  TRIAXIAL  COMPRESSION  TEST  ON  ROCK  CORE. 

d.  Incl  4,  one  REPORT  OF  TESTS  ON  NQ  ROCK  CORES,  summary  sheet. 

2.  Due  to  insufficient  sample  lengths,  all  requested  tests  could  not  be  performed. 
For  sample  DH-106  C260.1-260.7  tt)  a  single  criaxial  compression  tests  was  substi- 
tuded  for  the  three  direct  shear,  one  unconfined  compression,  and  impact  tests  that 
were  requested.  Dynamic  tests  could  not  be  accurately  performed  on  samples  DH-106 
C260.1-260.7  ft)  and  DH-106  (366.3-367.5  ft)  due  to  the  short  sample  lengths. 

3.  This  completes  all  work  requested. 


Incl  Cdupe) 
as 


'  .jXmES  PAXTON 


t-~  Director 


Copy  Furnished; 
NPDEN-GS'f.M 


MAY  2  5  (904 


NPDEN-GS-L  (84-SCH-576) 


CRATER  LAKE 

Report  of  Dynamic  Tests  on  NQ  Rock  Cores  ^ 

Dynamic  Modulus 


Of  Elasticity, 


Sample  No. 

Depth,  ft 

H,  X  10®  psi 

dyn 

Velocity,  ft/sec 

DH-106 

260. 1-260.7 

2/ 

2/ 

DH-106 

366.3-367.5 

2/ 

2/ 

DH-lll 

628,7-630.1 

4.3 

7,100  74  - 

DH-115 

644.8-646.8 

5.7 

7,900J  ^ 

NOTE:  y  Tests  performed  in  accordance  with  CRD-C151,  RTH-110,  ASTM-2845. 
y  Core  lengths  too  short  to  accurately  perform  test. 


Received:  16  Apr  84 


NPDEN-GS-L  (8A-SCH-576) 


MAY  2  5  1984 


CRATER  LAKE 
- - - 

Report  of  Direct  Shear  Tests  on  Intact  NQ  Rock  Cores 

Sample  Depth,  ft  Normal  Stress,  pal  Maximum  Shear  Stress 

0£>i"  dh-106  366.3-367.5  400  2870 

rfO"  dh-106  366.3-367.5  800  IS'iO  If 

366.3-367.5  1500  5000 


j.o/r'  DH-ni 

^.^11  DH-115 

C  I'i  "  DH-115 


628.7-630.1 

619.2-620.3 

628.7- 630. 1 

644.8- 646.8 

644.8- 646.8 

644.8- 646.8 


2080 
1510  y 
2650 


/. 

/.  €(^'' 

■ 

/g<J" 

/.  " 

//^<?* 

y/  ^ 

/ 

NOTE:  1/  Tests  performed  in  accordance  with  RTH-203-80. 

’Ll  Sample  failed  along  tight,  healed  fracture. 

3/  Sample  failed  along  granite/diabase  interface  at  elevation  366.5  ft. 

4/  Insufficient  sample  from  628.7-630.1  ft  for  requested  tests, 

^  core  from  619.2-620.3  ft  substituted. 

Received:  16  Apr  84 
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DATE  OF  RECEIVAL: 


ROBBINS 

IDENTIFICATION  NO. 


LOCATION  OR  SOURCE 

OF  ROC5C:  _ _  _ Cracer  Lake,  Alaska 


COMPANY 
SUBMITTING  ROCK: 


PROJECT: 


Hydro electric 


ROCK  PETROLOGY:  Quartz  diorite  gneiss.  Basalt  (?) 

TYPE  OF  BORE;  0  TUNrJEL  □  RAISE 

BORE  DIAMETER:  _ 
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APPENDIX  I 


CONSULTANTS  REPORTS 


C  6.  BRAWNER  ENGINEERING  LTD. 

Consulting  Geotechnical  Engineers 

Sie.  502.  Kapilano  100, 100  ParK  Poyai 
WEST  VANCOUVER,  B.C.,  CANADA  V7V  3N6 


Telephone;  (604)  922-3717 
(604)  926-2747 
Telex:  04-352B46 


REPORT 

TO 

LCMF  Limited 
re 

Contractors  Claim 

Snettisham  Stage  2  Crater  Lake  Development 


June,  1987 


TABLE  OF  CONTENTS 

Page 

1.0 

Introduction 

1 

2.0 

Claim  re  Hilltop  Shear  Zone 

2 

3.0 

Claim  re  Lake  Tap  Tunnel  and  Plug 

4 

4.0 

Conclusions 

9 

Appendix  A  -  Contractors  notice  of  changes  to  contract 
Appendix  B  -  Site  Photographs 

Appendix  C  -  Shear  zone  interception  with  tunnel 
Appendix  D  -  Typical  blasting  program  through  shear  zone 
in  tunnel 

Appendix  E  -  Lake  probe  and  pilot  hole  logs 


1 . 0  Introduction 


C.O.  Brawner,  P.  Eng.  was  retained  by  LCMF  Ltd.,  to 
review  site  conditions,  reports,  documents,  plans  and 
specifications  to  determine  if  the  conditions  encountered 
during  construction  differ  significantly  from  what  is 
presented  by  the  contract  plans  and  specifications. 

Two  specific  locations  are  involved  -  (a)  where  the 
Hilltop  shear  intersects  the  tunnel  and  (b)  at  the  Lake 
tap. 

The  Contractor,  Pacific  Ventures  Inc.,  has  submitted 
letters  advising  changes  in  the  materials,  conditions  or 
work  have  occurred  and  indicated  they  involve  additional 
time  and  cost. 

Relevant  letters  are  included  as  Appendix  A.  Changes 
claimed  are  as  follows. 

Change  in  site  conditions  within  the  tunnel  and 
vicinity  of  the  lake  tap  plug. 

Directions  to  change  drill  core  hole  location  and 
locate  pilot  holes  and  core  boles  at  locations  other 
than  shown  on  contract  drawings. 

*■  Change  in  tunnel  alignment  near  the  lake  tap. 

To  perform  underground  grouting  with  different 
procedures  and  materials  than  the  contract  called 
for. 

The  author  visited  the  site  on  May  15.  The  project 
program  reports,  specif iciations ,  plans,  photographs,  etc 
were  reviewed  with  Mr.  Bill  Creger  and  Captain  Doug 
Kennedy,  The  tunnel  was  inspected  underground  in  the 
afternoon.  Representative  photos  were  taken  {Appendix 
B)  . 

Considerable  information  was  provided;  this  included: 

Site  Plan  -FM-l-Sheet  192 
>•  Geology  plan  -FM-2-Sheet  193 

Geology  sections  -FM-3-Sheet  194 
Contract  specifications 
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Crater  Lake  phase  1  Foundation  report  -  1986 
Abstract  of  construction  offers 

Notes  by  W.L.  Sanguine  re  Hilltop  shear  core 
drilling. 

Notes  by  Grissly  Construction  re  Hilltop  shear  core 
drilling 

Correspondence  on  differing  site  conditions 
Plan  of  Hilltop  shear  zone  intercept 
Plan  of  shear-tunnel  intersection 
Post  blast  reports  by  Grissly  Construction 
Profile  of  lake  tap  section  and  drill  rounds 
Profile  of  lake  tap  and  drill  probe  locations 
Grissly  Construction  drawing  of  lake  tap  probes 
Lake  tap  pilot  and  probe  holes 


2 . 0  Claim  re  the  Hilltop  Shear  Zone 

(a)  Contractors  Procedure  Through  the  Hilltop  Shear 

Shortly  after  the  Contractor  first  intersected  the 
Hilltop  shear  zone  he  was  requested  by  the  Corps  of 
Engineers  to  apply  shotcrete  for  support.  The  contract 
calls  for  shotcrete  and  the  Corps  reasonably  expected  the 
Contractor  to  be  able  to  meet  this  request.  However,  the 
necessary  materials  and  equipment  were  not  available  for 
immediate  use.  The  Contractor  had  a  supply  of  steel  sets 
on  site  and  these  were  used  to  allow  the  tunnelling  to 
proceed.  When  the  required  steel  sets  available  at  the 
site  were  used  up  the  Contractor  was  instructed  to  change 
to  shotcrete  support.  He  still  was  not  able  to  comply 
with  this  instruction.  The  Contractor  was  advised  to 
shut  down  for  the  Christmas  holiday  and  return  after  the 
holidays  with  shotcrete  capability. 

After  Christmas  the  application  of  shotcrete  provided 
the  required  support  along  the  shear  zone  exposure  at 
less  expense  and  time  than  for  steel  sets. 

I  conclude  that  the  Contractor  did  not  meet  the 
requirements  of  the  contract  by  not  having  the  capability 
to  apply  shotcrete  when  the  shear  zone  was  encountered. 
This  delayed  the  project  and  has  likely  cost  the  Corps 
additional  money.  Instead  of  the  Contractor  having  a 
claim  for  change  of  conditions,  I  believe  the  Corp  -  if 
it  wishes  -  has  reasonable  basis  for  a  counter  claim  on 
the  Contractor. 
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(b)  Discussion  re  Claim  re  Hilltop  Shear  Zone 


the  Hilltop  shear  zone  was  encountered  between  about 
station  9+93  and  9+18,  a  distance  of  about  75  feet.  It 
intersected  the  tunnel  at  an  angle  of  about  16  degrees 
(Appendix  C)  with  a  dip  of  about  80  degrees  to  the  south 
east.  Section  4.3.1  of  the  specifications  states  "the 
central  portions  of  each  of  the  shear  zones  are  expected 
to  be  closely  broken,  mylonitlzed,  and  altered  rock,  with 
definite  lenses  or  stringers  of  gouge.  Bordering  each 
central  zone  are  phases  of  less  severely  broken  or 
altered  rock  grading  outwards  to  the  intact  mass  of 
rock".  I  consider  that  this  description  accurately 
describes  the  conditions  which  I  observed  of  the  Hilltop 
shear  in  the  tunnel. 

Section  4. 3. 1.1  states  "These  (shear  zones)  vary  from 
single  discontinuities  with  less  than  0.1  ft.  of  gouged 
or  altered  rock  to  an  estimated  35  feet  of  fractured  and 
altered  rock,  where  the  tunnel  crosses  the 
cliff side/Hillslde  shear  zone”.  Section  4.3.1  states 
"The  Crater  Lake  tunnel  passes  through  most  of  the 
fractures  at  an  acute  angle  of  20  to  30  degrees. 

I  interpret  from  the  contract  that  a  shear  zone  about 
35  feet  wide  was  expected  to  intersect  the  tunnel  at  20 
to  30  degreen .  If  this  shear  aonc  was  plotted  on  the 
plan  -  assuming  an  average  25  degree  intersection,  the 
shear  zone  would  have  been  Intersected  for  a  length  of 
about  110  feet  along  the  tunnel,  substantially  greater 
than  actually  occurred.  In  addition,  the  entire  tunnel 
width  would  have  been  in  the  shear  zone  for  nearly  60 
feet.  This  would  have  resulted  in  more  severe  ground 
conditions  and  tunnelling  problems  than  actually 
occurred. 

I  conclude  the  actual  conditions  were  much  better 
than  would  be  inferred  from  the  contract. 

(c)  Excess  Blasting  Used  Through  Shear_  Zone 

The  Contractor  used  a  powder  factor  ranging  from 
about  7.5  lb.  per  cu.  yd.  to  10  lb.  per  cu.  yd.  (Appendix 
D) .  Excessive  seismic  acceleration  forces  generated  by 
blasting  damage  rock  in  the  tunnel  walls  and  results  in 
extra  support  being  regulred.  This  is  even  more  critical 
where  faulted  and  sheared  zones  exist. 
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A  more  reasonable  powder  factor  for  the  conditions 
through  the  shear  zone  would  have  been  about  4  to  5  lb. 
per  cu.  yd. 

This  Contractor  did  reduce  the  length  of  round 
through  some  of  the  shear  zone  which  would  provide  some 
benefit . 

There  was  limited  evidence  of  blast  hole  exposures  in 
the  tunnel  wall  and  roof  through  the  shear  zone  area. 

I  conclude,  that  the  Contractor  used  excess  explosive 
in  the  tunnel  in  the  area  of  the  shear  zone .  This 
required  more  support  than  would  have  been  required  with 
a  lower  powder  factor. 

I  recommend  the  claim  re  changed  conditions  relating 
to  the  intersection  of  the  Tunnel  with  the  Hilltop  be 
rejected.  Because  of  the  Contractor's  inability  to 
provide  shotcrete  support  when  required,  the  need  to  use 
alternato  more  expensive  steel  support  and  the  excess 
blasting  I  consider  the  Corps  has  grounds  for  a  counter 
claim  with  the  Hilltop  shear. 


-3.0  Claim  re  Lake  Tap  Tunnel  and  Plug 
(a)  Contractor  responsibility 

The  contract  required  the  Contractor  to  retain  a 
Specialist  Engineer  in  Lake  Tap  engineering  and 
construction  to  advise  and  direct  the  Contractor  and  to 
liase  with  the  Specialist  engineer  retained  by  the  Corps 
for  the  Lake  Tap.  These  specialist  engineers  were 
required  to  meet  regularly  to  evaluate  the  ongoing 
program  and  to  carefully  plan  each  stage  as  the  tunnel 
approached  the  lake  tap. 

The  contract  emphasized  the  importance  of  the 
Contractor's  responsibility,  for  example.  Section  2t'  ~ 
Lake  Tap  procedures  section  2  General  -  "Approval  of  the 
contractors  plan  for  the  lake  tap  will  in  no  way  relieve 
the  Contractor  of  responsibility  for  the  adequacy  of  any 
part  of  his  plan  or  operations". 
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Under  Section  2  page  2F-3  it  states  that  "the 
Contractor  has  a  special  responsibility  in  the  period 
from  the  time  probe  drilling  commences  to  the  time  the 
lake  plug  has  been  reached  and  its  confirmation 
established" . 

Section  6  -  PROBE  DRILLING  states  "The  Contractor  has 
a  special  responsibility  as  the  tunnel  face  approaches 
the  lake  tapping  area" . 

"The  Contractor  must  follow  the  approved  probe 
drilling  procedures  very  carefully". 

Section  9  -  Lake  Tap  Responsibility  -  states 

"Nowithstanding  any  of  the  above,  it  shall  be  the 
Contractors  responsibility  to  perform  a  successful  lake 
tap,  complete.  The  data  provided  is  for  general 

information  and  it  is  the  Contractors  responsibility  to 
provide  his  plan,  which  is  subject  to  the  approval  by  the 
Contracting  officer". 

The  final  stages  leading  up  to  the  drilling  for  the 
plug  must  be  developed  and  monitored  carefully.  The 
exact  geologic  conditions  and  lake-rock  surface  cannot  be 
economically  determined  accurately  prior  to  the 
contract.  The  contract  required  a  detailed  program  of 
probe  holes  and  logging  of  probe  holes  to  locate  the  lake 
rock  contract  and  to  determine  whether  adverse  rock 
conditions  and  whether  open  joints  existed  in  the  plug 
area.  The  contract  clearly  indicated  some  adverse 

geologic  conditions  may  require  grouting  and  the 
alignment  of  the  tunnel  might  require  some  relocation. 

I  consider  the  contract  adequately  defined  the  lake 
tap  probe  program  and  alerted  the  Contractor  to  the 
potential  of  the  need  for  grouting  and  the  potential  of  a 
change  in  tunnel  alignment. 

(b)  Presence  of  joints  requiring  grouting 

The  Contractor  has  indicated  the  intent  to  claim 
regarding  a  change  in  grout  materials  and  procedures, 
excessive  water  producing  fissures,  change  In  probe  hole 
locations  and  tunnel  alignment  near  the  lake  tap  plug. 
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Section  2C  -  Excavation  for  Tunnels,  Portals,  Shafts, 
Rooms  and  Lake  Tap  states  in  4.  AREA  DESCRIPTION 

"Excavations  for  the  shaft  collar  of  the  single  tank  and 

portals  are  anticipated  to  encounter  ovex'burden  of  earth 

and  boulders,  and  weathered  and  jointed  rock". 

Section  4.2.1  Low  Angle  Joints  states  ~  "The  low 
angle  joints  are  stress  relief  or  unloading  joints  caused 
by  glacial  scour  of  the  overlying  rock  and  later  removal 

of  the  ice  load.  .  These  joints  are  roughly 

perpendicular  to  the  tensile  stress  which  is  usually  sub 
parallel  to  the  exposed  rock  surface....  Low  angle 
joints  commonly  die  out  with  depth.  Such  joints  were 

encountered  in  the  Long  lake  access  adit .  These 

joints  do  exist". 

Section  4.2.2  High  Angle  Joints  states  -  "The  other 
major  group  of  joints,  the  high  angle  joints  are 
developed  by  tectonic  stress...  In  general  these  joints 
aro  marc  nearly  planar  and  more  continuous  tnan  the  low 
angle  unloading  joints". 

Any  contractor  with  experience  in  rock  excavation 
should  be  aware  that  jointing  near  the  surface  of  rock 
faces  will  likely  be  more  predominant  than  at  depth  and 
that  the  shallow  rock  permeability  will  usually  also  be 
greater  than  at  depth.  The  existence  of  flow  from  drill 
holes  in  the  plug  area  should  have  been  of  no  surprise 
and  grouting,  called  for  in  the  contract,  was  to  be 
expected . 

Section  5  of  Section  F  -  Lake  Tap  procedures  states 
"The  quality  of  bedrock  is  good  with  average  seismic 

velocities  of  15,500  ft/sec.  No  weakness  zones  have  been 

located  in  the  immediate  vicinity  of  the  proposed  lake 
tap  location.  (I  interpret  weakness  zones  to  be  major 
fault  or  shear  zones.) 

Although  no  weakness  zones  or  faults  have  been 
identified  in  the  proposed  lake  tap  location,  it  is 

generally  the  experience  in  performing  lake  taps  that 

there  will  in  fact  be  small  open  fissures,  which  may  give 
rise  to  leaks  during  the  final  tunnelling  operations. 
Probe  drilling  will  reveal  such  aquiferous  fissures,  and 
it  may  be  necessary  to  deviate  somewhat  from  the  planned 
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alignment  for  the  lake  tap  plug  in  order  to  avoid  these 
aquiferous  fissures,  if  indeed  they  occur.  Grouting  of 
such  aquifers  may  also  be  necessary. 

Actual  angles  of  cracks  in  conjunction  with  the 
stratification  of  the  rock  may,  during  the  blasting 
operations,  give  rise  to  the  loosening  of  large  blocks  or 
flakes.  Such  conditions  can  also  be  detected  ahead  of 
time  during  probe  drilling - 

In  exceptional  circumstances  such  conditions  may 
necessitate  corrections  to  the  planned  alignment; 
alternatively,  it  may  be  necessary  to  perform 
anchor-bolting  from  the  tunnel  side  as  a  safeguard 
against  failure  of  the  rock  in  questionable  sections. 

It  is  therefore  important  for  a  successful  lake  tap 
that  probe  drilling  of  meticulously  monitored  and 
accurate  records  thereof  kept. 

Horizontal  and  vertical  angles  and  distance  to 
detectable  cracks  or  fissures  must  be  recorded  and 
plotted  onto  drawings,  and  the  drill  log  must  contain  all 
such  necessary  information.  Logs  will  be  available  for 
Contractor's  officer  review.  Original  records  will  be 
submitted . 

The  Contractor  has  a  special  responsibility  in  the 
period  from  the  time  probe  drilling  commences  to  the  time 
the  lake  tap  plug  has  been  reached  and  its  conformation 
established" . 

I  conclude  from  the  contract  documents  that  joints 
are  to  be  expected  in  the  lake  tap  zone  and  grouting 
should  be  anticipated. 

(c)  Accurate  determination  of  rock  quality  and  surface 
configuration 

Without  detailed  drilling  at  this  location  Ptior  to 
construction  the  actual  joint  patterns  and  conditions 
were  not  accurately  known.  It  was  the  intent  of  the 
contract  to  determine  the  rock  conditions  and  potential 
need  for  grouting  by  drilling  lake  tap  probe  holes  as  the 
tunnel  approached  the  plug  zone. 
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Based  on  my  review  of  the  probe  hole  plan  and  logs  I 
conclude  that  the  Contractor  performed  the  program  as 
called  for  in  the  contract.  As  a  result  of  the 
conditions  encountered  it  was  determined  jointly  by  the 
Contractor's  specialist  and  the  Corps  specialist  that  the 
alignment  should  be  changed  near  the  plug  and  that 
grouting  was  required. 

In  my  opinion  all  parties  acted  responsibly  and 
within  the  terms,  intent  and  interpretation  of  the 
contract  for  the  development  of  tunneling  near  the  plug, 

(d)  Pilot  and  Probe  Hole  Claim 

There  was  change  in  direction  of  some  pilot  and  probe 
holes  and  the  number  of  pilot  and  probe  holes.  The 
contract  is  based  on  unit  prices.  The  correct  payment  to 
the  Contractor  simply  involves  the  total  footage  times 
the  unit  rate  bid  per  foot.  If  the  total  footage  of 
pilot  and  probe  holes  exceeds  the  contract  estimate  he  is 
entitled  to  an  allowance  of  extra  time  for  the  contract. 


The  It ke  tap  probe  and  pilot  holes  logs  were  provided 
to  me  (A.ipendix  E)  .  These  were  drilled  between  January 
27  and  F-bruary  12  and  appear  to  exceed  the  contract 
footage.  I  suggest  that  an  extention  of  time  for  this 
portion  oz  the  contract  be  prorated  on  the  basis  of  the 
average  fcotage  drilled  per  day,  I  do  not  consider 
payment  b-^yond  the  total  footage  times  the  unit  rate  to 
be  justified. 


( e )  Grout  llaim 

T  was  adviced  that  the  si^e  of  some  Joints  or  other 
openings  .n  the  rock  required  a  change  in  grout  materials 
and  techniques  from  those  called  for  in  the  contract. 
The  Cont;actor ' s  letter  states  that  extra  time  was 
required  f'lr  the  grouting  due  to  the  changes. 

It  is  my  opinion  thw  Contractor  is  entitled  to  be 
paid  a  deferential  extra  payment  based  on  the  extra  cost 
of  the  changed  grout  materials  compared  to  cement  grout 
and  for  extra  time  required  to  prepare  and  pump  the 
modified  grout.  I  recommend  the  Contractor  be  requested 
to  document  costs  and  submit  them  to  the  Corps  for 
consideration . 
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( f )  Change  of  Aliqnemnt 

The  Contractor  has  submitted  advice  that  he  intends 
to  claim  because  of  extra  time  and  costs  due  to  a  change 
in  tunnel  alignment  near  the  Lake  tap  plug. 

The  contract  is  very  clear  regarding  change  of 
alignment . 

Section  5  -  General  Lake  Tap  Discussions  states 
"Probe  drilling  will  reveal  such  acquiferous  fissures, 
and  it  may  be  necessary  to  deviate  somewhat  from  the 
alignment  for  the  lake  tap  plug  in  order  to  avoid  these 
aquiferous  fissures,  if  indeed  they  occur.  Grouting  of 
such  aquifers  may  also  be  necessary." 

"In  many  cases  the  best  and  cheapest  way  of  avoiding 
the  consequences  of  driving  through  aquiferous  weakness 
zones  may  be  to  change  the  direction  of  the  tunnel  and 
the  lake  tap  location  somewhat." 

The  contract  specifies  tunnel  rock  excavation  be  paid 
by  the  lineal  foot.  Changing  the  alignment  would  change 
the  lineal  footage  and  the  payment  accordingly.  I 
consider  payment  based  on  the  contract  unit  price  to  be 
fair  compensation  for  the  Contractor. 

It  is  my  understanding  that  the  alignment  change  was 
made  to  improve  the  breakout  alignment  relative  to  the 
face  and  to  reduce  the  estimated  need  for  grouting. 

In  my  opinion  the  change  in  alignment  has  not 
increased  the  difficulty  to  the  Contractor  but  rather 
reduced  the  difficulty  and  increased  the  safety. 

I  recommend  this  claim  be  rejected. 


4 . 0  Conclusions 


The  Contractor,  Pacific  Ventures  Inc.,  has  submitted 
notice  of  intent  to  the  U.S.  Corp  of  Engineers  to  claim 
re  several  issues  on  the  Second  stage  development  of  the 
Crater  Lake  Snettisham  Project.  Based  on  my  review  of 
documentation,  contracts,  a  site  Inspection  and 
discussion  with  Corps  representatives  1  have  reached  the 
following  conclusions. 
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Hilltop  Shear  Zone 


1.  The  Contractor  did  not  meet  the  contract  requirements 
to  apply  shotcrete  for  support  when  first  requested 
by  the  Corps. 

2.  The  rock  conditions  through  the  Hilltop  shear  zone 
were  not  as  severe  as  the  contract  documents  present. 

3.  The  Contractor  used  excessive  explosives  blasting 
through  the  Hilltop  shear  zone.  This  required  extra 
support . 

4.  The  contract  reasonably  represents  the  conditions  in 
the  Hilltop  shear. 

Based  on  points  1.  2.  3  and  4  1  recommend  the 

Contractor's  claim  for  changed  conditions  be  rejected. 
In  addition  1  consider  the  Contractor  operated  in  a 
manner  that  increased  the  time  required  and  the  cost  to 
the  Corps  through  the  shear  zone  such  that  a 
counter-claim  can  be  justified. 


Lake  Top  Area 

1.  The  contract  provided  notice  that  joints  could  be 
expected  near  the  lake  tap  plug. 

2.  The  contract  noted  that  grouting  and  change  of  tunnel 
alignment  might  be  required  as  evaluated  from  the 
probe  holes  required  under  the  contract. 

3.  The  ^  contract  stated  that  probe  and  pilot  hole 
loctions  may  be  changed. 

4.  The  pilot  and  probe  hole  program  specified  in  the 
contract  adequately  determined  the  presence  of  joints 
and  the  plug  face  -  lake  configuration.  By  mutual 
agreement  of  the  Contractor's  specialist  and  Corps 
specialist,  grouting  was  performed  and  the  alignment 
was  changed  to  improve  conditions. 

5.  The  grout  requirements  in  the  contract  were  changed 
and  different  materials  were  used. 
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It  is  my  opinion  that  the  Contractor's  claim  for 
change  of  hole  locations,  and  change  of  tunnel  alignment 
be  rejected  and  that  he  be  paid  at  contract  unit  prices 
for  the  quantities  performed. 

The  grout  materials  were  changed.  I  consider  the 
Contractor  has  a  legitimate  claim  for  differential  costs 
which  exceed  the  cost  of  grouting  with  cement.  I 
recommend  the  Contractor  submit  his  extra  costs  for 
consideration . 
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ORIARD  REPORT 


3502  SAGAMORE  DRIVE 
HUNTINGTON  BEACH,  CA  92649 
(714)  846.1515  U.S.A. 


Pacific  Ventures  Inc. 

P.  O.  Box  3407 
Bellevue,  WA  98009 

Attn;  Mr.  Ralph  R.  Mason 

SUBJECT:  CRATSR  LAKE  MAIM  COKTRACT 
8METISHAM  PROJECT,  ALASKA 
CONTRACT  NO.  DACW85-86-C-0019 
DIFFERING  SITE  CONCITIONS. 

Gentlemen: 

In  accord  with  your  request,  I  have  traveled  to  your 
Bellevue,  WA  offices  on  27  Spr  87,  to  discuss  the  Snettishan 
Project  with  you.  We  traveled  on  to  Juneau  on  the  evening  of  27 
Apr  87,  and  to  the  site  of  your  construction  operations  on  the 
morning  of  28  Apr  87.  I  toured  the  construction  site  and 
examined  drill  cores.  I  returned  to  Juneau  that  night,  and  to 
California  on  29  Apr  87. 

In  addition,  I  have  now  reviewed  pertinent  sections  of  the 
project  plans,  drawings  and  specifications,  correspondence, 
diaries,  records--and  cost  estimates. 

THE  PROBLEM. 

Several  problems  were  encountered  which  had  not  been 
expected  and  which  increased  the  time  and  cost  of  completing  the 
work  beyond  those  anticipated  at  the  time  of  bidding.  These 
included ^additional  probe/pilot  holes,  excessive  water,  problems 
with  the  grouting,  changes  in  the  tunnel,  changes  in  the 
secondary  rock  trap,  and  changes  in  the  final  lake  plug  and  lake 
tap. 


July  17,  1987 


LEWIS  L.  ORIARD,  Inc. 


geophysics 


GEOLOGY 


HOCK  MECHANICS 


EXPUDSIVGS  ENCiNEEniNQ 


SHOCK  AMO  VIBRATION 


Mr.  Ralph  R.  Mason 
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GENERAL  COMMENT.  - 

Geological  information  was  provided  to  bidders  in  the 
customary  format  of  boring  logs.  The  cores  themselves  were  also 
available  for  inspection.  Bidders  were  also  permitted  a  site 
visit,  but  it  is  my  understanding  that  site  access  was  limited. 
Only  a  few  hundred  feet  of  tunnel  section  was  offered  to  view, 
and  this  limitation  was  misleading. 

Another  source  of  geological  information  is  the  "Crater 
Lake  Phase  I,  Foundation  Report",  available  through  the  Alaska 
District  of  the  Corps  of  Engineers. 

On  some  projects,  bidders  are  uneible  to  learn  the  Owner's 
opinion  of  the  rock  conditions,  and  have  only  factual  information 
without  judgment  on  which  to  base  their  own  conclusions.  In  the 
present  case,  it  is  quite  evident  to  bidders  reading  the  contract 
documents  what  conditions  were  expected  by  the  Owner.  This  is 
confirmed  not  only  by  conclusionary  comments  concerning  the  rock 
conditions,  but  also  by  the  detailed  design  information  and 
instructions  provided  to  bidders.  Bidders  were  given  the  shape, 
alignment  and  grade  of  rock  excavation,  including  the  detailed 
design  of  the  rock  traps,  dimensions  and  number  of  rounds, 
location,  length  and  direction  of  probe/pilot  holes,  description 
of  the  conditions  to  be  encountered,  grouting  methods  and 
materials,  location  and  shape  of  the  lake  plug,  and  detailed 
instructions  for_  the  final  tap  round.  This  circumstance  gave 
bidders  a  clear  indication  of  the  conditions  to  expect  and  the 
manner  in  which  to  perform  the  work,  thus  making  bid  preparation 
a  routine  task. 

It  appears  to  me  to  be  clear  that  both  the  Government  and 
the  Contractor  were  expecting  good  rock.  In  some  instances,  the 
encountering  of  lower  quality  rock  led  immediately  to  additional 
cost,  such  as  the  case  of  excess  water  and  problems  with 
grouting.  In  other  cases,  your  time  and  cost  were  increased  by 
the  Government's  response  to  rock  conditions  which  it  did  not 
consider  satisfactory,  and  which  led  to  a  redes ign/relocation  of 
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some  features  of  the  work.  After  a  study  of  the  contract 
documents,-  it  appears  -to-  me  that  the  relocation/redesign  of  a 
rock  trap,  tunnel  or  lake -.tap  is  prima  facie  evidence  either  that 
the- conditions  were  different  than  those  anticipated  by  the 
Government  at  the  time  of  bidding,  and  which  could  reasonably  be 
anticipated  by  a  prudent,  experienced  bidder,  or  that  the 
Government  changed  the  contract  for  other  reasons  not  known  to 
the  Contractcor. 

It  is  my  conclusion  that  a  prudent  experienced  bidder  could 
not  reasonably  have  expected  the  conditions  and/or  contract 
changes  contributing  to  -the  extra  time  and  cost  claimed. 

GEOLOGY. 

For  an  overall  description  of  the  site  and  project,  I  found 
it  useful  to  refer  to  the  report  titled  •’Snettisham  Project 
Alaska,  Second  Stage  Development,  Crater  Lake  Phase  I,  Foundation 
Report,  1986".  The  report  was  prepared  by  Lachel  Hansen  & 
Associates,  Inc.,  Golden,  Colorado,  as  subcontractor  to 
Polarconsult  Alaska,  Inc.,  Anchorage. 

"The  Snettisham  Hydroelectric  Project  is  being  constructed 
by  the  Alaska  District  of  the  U.  S.  Army  Corps  of  Engineers. 
The  project,  located  28  air  miles  sou-thwest  of  Juneau  (Ed. 
The  location  map  shows  it  to  be  southeast.)  ....  is 
operated  by  the  D.S.  Department  of  Energy,  Alaska  Power 
Administration  ,  , " 

"The  Snettisham  Project  is  located  at  the  head  of  the 
Snettisham  fjord,  near  the  mouth  of  the  Speei  River." 

"The  second  stage  of  the  Snettisham  Project  encompasses  the 
development  of  Crater  Lake.  Phase  I  of  this  project 
included  the  construction  of  a  series  of  tunnels  from  the 
existing  powerhouse  to  the  vicinity  of  Crater  Lake  ..." 

A  contract  was  awarded  to  South  Coast,  Inc.  of  Ketchikan  for 
for  6772  ft.  of  li-ft.  tunnel,  essentially  unlined,  enlarging  the 
penstock,  excavating  a  surge  tank  adit  and  a  new  powerhouse 
machine  shop  and  its  adit.  Phase  1  of  the  work  was  completed  on 
28  October  1985. 
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Exploratory  core  drilling  provided  a  total  of  8,175.4  lineal 
feet,  designed  to  investigate  specific  geologic  features. 

The  rock  consists  predominantly  of  quartz  diorite  gneiss. 
Basalt  and  granite  dikes  were  noted,  as  were  shear  zones. 
Several  thick  zones  with  a  predominance  of  biotite  and  hornblende 
minerals  were  encountered  in  the  tunnels.  Drilling  was  faster  in 
these  zones.  Some  stress. , relief  slabbing  was  observed  in  these 
zones. 

Most  of  the  discontinuities  are  joints,  typically  planar, 
relatively  smooth  and  tight.  Shears  are  the  second  most  common 
discontinuity.  There  was  very  little  effect  on  the  rock  outside 
the  immediate  shear  zones. 

apECIPICATIONS. 

The  specifications  provide  information  about  the  work  to  be 
done,  how  it  is  to  be  done,  and  the  expected  conditions. 

Section  2F  -  LAKE  TAP  PROCEDURES. 

1.  SCOPE. 

"The  work  covered  by  this  section  consists  of  furnishing  all 

plant,  labor,  equipment  eind  material  necessary. to; 

(a)  Perform,  operate,  maintain  and  control  the  Crater  Lake 

deep  underwater  lake  tap  into  the  power  tunnel.” 

Bidders  would  understand  that  they  will  have  the 
responsibility  to  use  due  care  and  diligence  in  performing  the 
work.  But,  when  this  information  is  combined  with  other  sections 
of  the  specifications,  bidders  would  recognize  that  they  will  not 
be  designing  the  work.  The  Government  has  even  designed  certain 
features  of  work  execution  which  are  often  left  to  the  discretion 
of  bidders,  such  as  the  exploratory  drilling,  blast  round 
dimensions,  plug  dimensions,  and  plug  blasting  methods.  The 
specifications  make  it  clear  to  bidders  that  it  is  highly 
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unlikely  that  they  would  receive  approval  of  any  design  that  they 
might  prefer  to  the  Government's  design.  Thus,  for  many  aspects 
of  the  work,  the  approval  process  would  be  conducted  in  such  a 
way  as  to  constitute  direction  of  the  work. 

The  specifications  are  well  designed  to  meet  the 
Government's  needs.  They  provide  bidders  with  detailed 
descriptions  of  the  conditions  and  work  to  be  performed,  thus 
permitting  well-defined,  competitive  bidding  to  meet  those  needs. 
Bidders  need  not  add  contingencies  for  unknowns  because  the 
Government's  desires  are  well  defined,  and  the  bidders  are 
protected  by  differing  site  conditions  provisions. 

5.  GENERAL  LAKE  TAP  DISCUSSION. 

TO  assist  the  Contractor  in  planning  his  work  to  execute  the 
Government's  designs,  and  preparing  his  bid,  some  very  helpful 
information  is  provided.  The  information/ comment  is  generally 
very  optimistic  and  would  have  the  overall  effect  of  inducing  low 
bids.  Bidders  are  advised: 

1.  There  is  no  known  underwater  overburden  to  endanger  the 
successful  completion  of  the  lake  tap. 

2.  No  overburden  cleaning  will  be  required. 

3 .  The  quality  of  bed  rock  is  good.  Ko  veoJcsess  zones  have 
been  located  in  the  immediate  vicinity  of  the  proposed  lake  tap 
location. 

4 .  There  is”  a  general  experience  in  work  of  this  type  that 
small,  open  fissures  may  be  found  which  may  give  rise  to  leaks. 
It  may  be  necessary  to  deviate  from  the  plan,  if  indeed  fissures 
are  found.  Grouting  may  also  be  necessary. 

Additional  comments  are  offered  to  bidders  which  advise  them 
of  the  procedures  which  will  be  followed  if  the  expected 
conditions  are  encountered,  and  what  may  be  required  if 
unexpected  conditions  are  encountered. 

Such  comments  are  very  helpful  to  bidders  and  the  authors 
should  be  complimented  for  preparing  them.  For  the  purpose  of 
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conveying  the  Government's  design  concepts,  preferences  for 
procedures,  and  general  concerns,  the  comments  are  generally  very 
informative  to  the  bidders  and  to  those  who  might  be  considered 
as  possible  lake  tap  consultants.  However,  these  comments  should 
not  be  construed  as  removing  the  Government's  responsibility  for 
differing  site  conditions.  Bidders  would  conclude  that  the 
Government's  responsibility  cannot  be  removed  merely  by  advising 
bidders  of  some-  of  the  possible  alternative  actions  which  may  be 
required  if  a  differing  site  condition  is  encountered.  Bidders 
would  conclude  that  it  merely  reduces  the  overall  impact  on  the 
Government's  costs  if  the  Contractor  can  respond  faster  to  the 
differing  site  condition.  That  may  be  beneficial  to  the  project, 
but  it  would  not  be  a  basis  for  bidders  to  place  contingencies  in 
their  bids  for  such  various  possible  conditions. 

6.  PROBE  DRILLING. 

A  very  specific,  detailed  design  of  probe  and  pilot  drilling 
is  provided  to  bidders,  although,  quite  appropriately,  the  Owner 
reserves  the  right  to  require  additional  or  alternate  drilling  if 
conditions  should  so  demand,  that  is  if  the  conditions  are 
different  than  expected. 

Bidders  are  advised  that  the  first  pilot  drilling  shall  take 
place  from  Sta  7+25.  A  hole  shall  be  drilled  30  degrees  above 
the  tunnel  axis.^  It  shall  extend  approximately  65  ft.  to  the 
lake  bottom  and  continue  at  least  5  ft.  into  the  water. 

The  next  pilot  drilling  shall  begin  at  Sta  7+14.  The  hole 
shall  be  similar  that  described  above  but  shall  be  drilled  at 
15  degrees  above  the  tunnel  axis.  Simultaneously,  20-ft.  probes 
shall  commence,  as  shown  on  the  drawings.  Probes  shall  be 
drilled  for  each  round,  one  in  each  corner  at  30  degree 
horizontal  angles  right  and  left,  and  at  a  30  degree  vertical 
angle  with  the  tunnel  axis. 


Additional  holes  shall  be  drilled  horizontally  and  below  the 
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tunnel  floor  from  the  upstream  edge  of  the  primary  rock  trap. 
Positions  and  directions  are  specified. 

Specified  positions  and  directions  are  given,  also,  for 
probes  when  the  last  round  is  reached  before  the  plug.  Four 
probes  shall  be  drilled,  one  in  each  comer  of  the  face  at  25 
degree  angles  vertical  and  horizontal  relative  to  the  centerline 
of  the  plug.  These  shall  extend  5-6  ft.  into  free  water. 

At  the  plug  face  itself,  5  probes  shall  be  drilled  5-6  ft. 
into  free  water,  one  hole  in  each  comer  of  the  face  at  15  degree 
angles  vertical  and  horizontal,  and  one  in  the  center  of  the 
plug. 


Even  the  blasting  rounds  are  numbered  and  dimensioned. 

There  seems  to  be  some  ambiguity  in  reference  to  "pilot” 
holes  and  "probe"  holes.  It  may  not  be  necessary  to  resolve  the 
difference  for  the  purposes  of  resolving  the  present  problems. 
However,  it  appears  that  there  are  two  aspects  of  the  question 
that  need  resolution.  One  of  these  relates  to  the  footage 
drilled.  The  other  relates  to  the  type  of  drilling  done,  whether 
by  coring  or  by  plug  bits. 

The  specifications  provided  highly  detailed  instructions  on 
how  much  drilling  would  be  done-  The  Government  could  expect 
the  lowest  possible  bids.  It  could  expect  bidders  to  prepare 
their  bids  with  no  need  for  contingencies  when  such  detailed 
instructions  are  given.  The  Government  confirms  the  detailed 
instructions  for  the  amount  of  drilling  when  it  provides  a 
separate  estimate  of  drill  footage.  The  bidders  would  use  this 
estimate  and  expect  it  to  be  more  of  a  firm  figure  than  normal. 
It  was  clear  that  the  Government  thought  it  knew  the  conditions 
very  accurately,  including  the  attitude  and  condition  of  the 
slope  at  the  lake  tap.  However,  this  expectation  was  not 
realized.  It  happened  that  the  estimate  was  greatly  in  error. 
Such  drilling  was  approximately  doubled.  Bidders  could  not 
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reasonably  Have  expected-'-such  an  error  in  the  estimate. 

The  second  item  deals  with  the  matter  of  core  drilling  or 
drilling  with  plug  bits.  '  A  prudent,  experienced  bidder  will 
prepare  his  bid  with  the  expectation  of  using  the  less  costly  of 
two  choices,  and  a  prudent,  experienced  Owner  will  know  that 
bidders  will  do  so.  If  an  Owner  seriously  wants  bidders  to 
select  the  more  costly  alternative,  they  should  be  tolds  that. 
The  specifications  will  have  to  be  re-written  to  make  that  clear. 
It  is  an  easy  matter  for  a  specification  writer  to  remove  the 
cUBbiguity  through  text,  quantity  estimates  and  bid  schedules.  In 
the  present  case,  this  was  not  done.  The  Contractor  could  not 
reasonably  have  expected  either  the  quantity  of  work  demanded  or 
the  demand  to  use  core  drilling  in  preference  to  p..ug  bits. 

"When  special  conditions  so  demand,  the  Corps  of  Engineers 
may  require  additional  probes,  over  and  above  those  planned." 

Bidders  would  understand  readily  that  the  Corps  has 
specified  precisely  what  will  be  done  and  reserves  the  right  to 
change  the  specifications  "when  special  conditions  so  demand" 
(changed  conditions) ,  The  contractor  would  expect  to  conduct 
this  portion  of  the  work  as  directed/approved  by  the  Government. 
(An  experienced  bidder  knows  that  he  must  submit  the  design 
suggested  by  the  Government  or  it  will  not  be  approved)  . 

Exculpatory  phrases  in  the  specifications  infer  that  the 
Government  may  try  to  transfer  many  of  its  designs  and  controls 
to  the  responsibility  of  the  contractor.  Bidders  would  still 
expect  to  be  covered  by  differing  site  conditions  and  contract 
change  protections.  Bidders  are  aware  that  such  exculpatory 
phrases  do  not  remove  the  Government's  responsibilities. 
Therefore,  bidders  could  be  expected  to  offer  the  lowest 
reasonable,  prudent  bids  without  contingencies  for  the  problems 
under  discussion  hers. 
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7.  DRILLING,  CHARGING  AND  FIRING  OF  THE  LAKE  TAP  ROUND. 

The  Government  specifies  that  the  plug  will  be  12  ft.,  and 
that  the  drilled  blast  holes  will  be  lO  ft.  6  in.  The,  Government 
plan  consists  of  a  double  bum  cut  with  11  blind  holes  of  3  in. 
diameter,  56  charged  shotholes  in  and  around  the  bum  cut,  and  19 
charged  shotholes  in  the  plug  perimeter. 

The  Government  provides  bidders  with  an  example  of 
explosives  and  cap  selection  (including  the  pounds  of  explosives 
and  the  cap  delay  numbers) .  Bidders  would  recognize  that  this 
blasting  plan  would  be  approved  by  the  Government,  and  that  any 
other  plan  would  probably  be  rejected.  In  the  event  that  a 
differing  site  condition  should  be  encountered,  bidders  would 
recognize  that  some  of  the  details  might  require  adjustment,  but 
that  the  same  concept  would  be  required. 

WATER  INFLOWS  AND  GROUTING. 

Bidders  are  advised  that  they  might  encounter  leaks  of 
water.  A  reference  is  found  in  Sec.  7.2,  page  2F-6: 

"If  leaks  of  water  occur  in  any  of  the  shotholes,  something 
which  is  quite  common,  rigid  thinwalled  plastic  piping  shall 
be  inserted  into  the  leaking  shotholes.  The  plastic  pipes 
shall  be  closed  and  sealed  at  the  inner  end  and  shall  be 
held  firmly  in  position  by  the  use  of  thin  slivers  or  wedges 
of  dry  wood.  The  water  from  the  leaks  will  thus  be  drained 
between  the  outer  surface  of  the  plastic  pipes  and  the  inner 
surface  of  the  shotholes." 

Bidders  would  conclude  from  this  specification  .that  very 
little,  if  any,  water  is  expected  by  the  Government.  The  term 
"leak"  implies  a  small  quantity  of  water,  as  does  the  term 
"drained".  If  larger  flows  were  expected,  both  the  language  and 
the  method  of  handling  it  would  have  been  quite  different. 
Bidders  would  not  expect  problems  with  water  inflows,  nor  with 
the  grouting  that  would  be  associated  with  water. 

Under  the  discussion  of  probe  drilling,  we  see  the 
statement,  "The  probe  holes  which  need  sealing  should  be  plugged 
with  slightly  conical  wooden  plugs."  Since  it  is  specified  that 
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the  last  9  probe  holes  shall  be  drilled  into  free  water,  it  is 
clear  to  bidders  that  these  9  holes  will  require  plugs.  This 
requirement  is  no  indication  that  water  will  be  found  within  the 
rock  mass.  The  wording  offered  to  bidders  would  lead  to  the 
conclusion  that  any  additional  water  would  be  unlikely. 

The  amount  of  water  actually  encountered  could  not 
reasonaoxy  ce  aescribed  as  "water  leaks".  These  were  substantial 
inflows. 


The  additional  grouting  required,  in  terms  of  severity, 
technology,  time  and.  cost,  was  a  result  of  the  unexpected  heavy 
inflows  of  water.  .  The  added  time  and  coat  are  part  or  Uie  same 
differing  site  condition. 


9.  LAKE  TAP  RESPONSIBILITY. 

The  Government  has  a  justified  concern  about  the  success  of 
work  of  this  type.  It  requires  careful  planning  and  execution  to 
ensure  success.  Quite  appropriately,  the  Goverruaent  has  required 
the  Contractor,  through  the  contract  documents,  to  retain  a  lake 
tap  engineer  and  an  assistant.  The  Contracting  Officer  will  also 
have  a  lake  tap  specialist.  "This  person  will  be  working  with 
the  Contractor's  Senior  lake  tap  Engineer"  (Page  2F-2,  par.  4). 
This  approach  ensures  the  Government  that  its  design  concepts 
will  be  properly_understood  and  executed. 


The  specifications  contain  exculpatory  statements  in  an 
effort  to  transfer  the  Government  designs  and  concepts  to  the 
Contractor. 

"Notwithstanding  any  of  the  above,  it  shall  be  the 
Contractor's  responsibility  to  perform  a  sviccessful  lake 
tap,  complete.  The  data  provided  is  for  general  information 
and  it  is  the  Contractor's  responsibility  to  provide  his 
plan,  which  is  subject  to  approval  by  the  Contracting 
Officer.  ..." 


Prudent,  experienced  bidders  would  recognize  that  the 
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Govenunent  cannot  transfer  its  responsibilities  to  the  Contractor 
in  this  fashion.  However,  the  contract  language  is  useful  in 
making  it  clear  to  bidders  what  the  Government  has  designed  and 
that  the  Government  is  expecting  bidders  to  perform  the  work 
carefully.  Bidding  would  be  routine  because  the  bidders  would 
not  have  to  devise  the  technology  already  conceived  and  specified 
by  the  Government, 


CHAHGRS  IM  ROCK  TRAP,  PLUG,  LAKB  TAP. 

It  appears  to  me  that  these  design  changes  represent 
changes  in  the  contract,  whether  or  not  they  all  represent 
differing  site  conditions.  All  of  the  reasons  involved  in  the 
changes  are  known  only  to  the  Government.  It  is  the  Government's 
prerogative  to  make  such  changes  whenever  it  chooses,  within  the 
confines  of  its  obligations  to  the  public  good.  Contractually, 
however,  bidders  would  reasonably  expect  to  be  compensated  when 
such  changes  result  in  added  time  and  cost. 

The  Contractor  did  not  see  any  direct  problem  in  drilling, 
blasting  and  excavating  the  original  design  of  these  features. 
The  extra  time  and  cost  came  about  because  the  Government 
relocated  and/or  redesigned  these  features. 


The  nature  of  lake  taps  is  such  that  a  modest  change  in 
final  position  and  attitude  would  not  be  at  all  unusual. 
However,  with  the  degree  of  inforaation  and  direction  provided  to 
bidders  in  this  case,  it  could  be  presiimed  that  changes  were 
unlikely  and,  if  reqired  by  the  Government,  would  be  very  modest 
changes  having  little  impact  on  the  time  and  cost  of  completing 
the  work.  The  (ghang^  that  were  required  here  went  far  beyond 
anything  that  could [ reasonably  have  been  anticipated. 


IKVERT  CONDITIONS. 

Bidders  were  provided  access  to  the  site  and  permitted  to 
Walk  through  the  first  few  hundred  feet  of  the  tunnel,  as  far 
upstream  as  the  first  tunnel  juncture.  The  invert  conditions 
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here  appeared  favorable  for  the  efficient,  rapid  transport  of 
rock  rubble  with  rubber-tired  equipment.  Such  was  the  appearance 
at  the  time  of  my  visit.,  and  there  is  reason  to  believe  the 
appearance  was  even  more  favorable  at  the  time  of  bidding  because 
water  flows  would  probably  have  been  lower. 

It  would  be  reasonable  for  bidders  to  assume  that  the 
previous  tunnel  excavation  would  have  been  done  in  conventional 
fashion,  in  accord  with  standard  practices  in  the  industry, 
unless  the  bid  documents  or  visual  appearance  would  lead  them  to 
a  different  conclusion.  Conventional  work  would  leave  a  drainage 
trough  or  gutter  at  one  side  of  the  invert  so  that  the  tunnel 
contractor  could  use  fines  to  maintain  a  relatively  smooth 
road  surface  for  his  muck-handling  equipment.  Without  the 
drainage  trough,  water  flowing  on  the  invert  would  wash  away 
fines  and  leave  a  rough,  irregular  surface,  adding  a  great  deal 
to  the  time  and  cost  of  muck  removal. 

n 

In  providing  information  to  bidders,  the  Government  had  an 
obligation  to  reveal  that  the  invert  was  in  an  abnormal 
condition,  knowing  what  impact  this  information  would  have  on  the 
future  work  coming  up  for  bid. 

It  appears  to  me  that  the  Contractor  could  not  reasonably 
have  expected  this  invert  condition. 

CONCLUSION. 

It  is  my  opinion  that  the  Government  has  the  prerogative  to 
make  changes/additions  to  the  contracted  work  to  meet  its 
obligations  to  the  public  needs.  However,  it  appears  to  me  that 
prudent  experienced  bidders  for  this  project  could  not  reasonably 
have  been  expected  to  foresee  the  conditions  actually  encountered 
on  this  project  nor  the  precise  manner  in  which  the  Government 
would  respond  to  those  conditions.  If  bidders  had  placed 
sufficient  contingencies  in  their  bids  at  the  time  of  the 
bidding  to  cover  the  extra  time  and  cost  of  the  (^nexgecte^  work 
under  discussion,  it  would  not  have  been  responsive  to  the  bid 
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documents,  nor  to  the  Government's  contracting  practices.  it  is 
my  conclusion  that  the  Contractor's  claim  for  additional 
compensation  is  justified.' 


Respectfully  submitted; 
LEWIS  L.  ORIARD,  INC. 

Lewis  L.  oriard  '  ” 


